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Japanese flounder (Paralichthys olivaceus) is one of the most important aquaculture species in Japan
with its production ranked 4th among marine-cultured fInfish in 1995 (Kikuchi, 1999). The culture of
Japanese flounder has shown· a rapid increase as a result of improvements in the cultural techniques.
Induced spawning is very common and the rearing of larvae has expanded throughout the country
(Izquierdo et al., 1992). Hatchery-reared juveniles are generally the source of seedlings for further
cultivation by farms to marketable size and for the marine stock enhancement. More than 25 million
hatchery-reared juveniles are released annually in the coastal waters from Kyushu to Hokkaido (Furuta,
1996).
For cultivation of juvenile, various types of tank are used, including indoor or outdoor, concrete or
canvas, and round or square tanks. Floating net cages are also used. Tanks or cages are covered with a
dark-colored net or blackened board to reduce light intensity. Water temperature and rearing density vary
with the different forms of tank and floating net-cage culture. In the case of canvas tanks, 8 m in
diameter and 60-70 cm deep, the water temperature is 16-18 °C in spring, 26-27 °C in summer, 16-18 °C
in fall and 14-16 °C in winter. The number offIsh reared in these tanks comprises either 1500 fIsh 4-15
cm long or 900 fish 15-50 cm long. The water is changed 7 to 8 times per day or sometimes 15 to 16
times. The main food for juvenile is sand eel (minced, chopped or whole according to fish size) given
twice a day, in the morning and late afternoon. Commercial formulated pellet feeds are available.
Cultured fIsh weighing 600-800 g are marketed as live fish late in October (Watanabe, 1992).
Concomitant with the rapid growth of marine culture industries as well as the introduction of new fish
species for culture, fish diseases have become a serious problem. Economical losses due to diseases in
cultured marine fish in Japan have been estimated about 200 million U.S. dollars annually (Kusuda and
Kawai, 1998). Bacterial disease is a major problem and occurs in many main cultured fish species. The
list below shows bacterial diseases of cultured Japanese flounder.
1
General introduction 
              
       l         
                
               
              
       f          
              
 
                
                   
               
                   
                   
         l         l   
                       
                  
               
 l               
                 
                
                
              l    
         
 
Name of disease Causative bacterium Characteristics
Streptococcosis Streptococcus iniae p-hemolytic Streptococcus
Vibriosis Vibrio anguillarum wide host range
Bacterial enteritis Vibrio ichthyoenteri affect larval fish
Gliding bacteriosis Flexibacter maritimus affect juvenile fish
Edwardsiellosis Edwardsiella tarda
Nocardiosis Nocardia seriolae chronic infection
Among diseases reported, streptococcosis caused by S. iniae occurs in high temperature months every
year and often causes serious damages in farms. It was first reported as a bacterial disease causing loss of
about 8% population ofO-year-old flounder from October 1981 to January 1982 in the Kunda bay, Kyoto
Prefecture (Nakatsugawa, 1983a). Typical symptoms of the diseased fish were described as hemorrhage
of the operculum, corneal opacity, exophthalmos and hemorrhage of the eye. Streptococcosis was also
reported in other cultured marine fish in Japan, including yellowtail (Seriola quiqueradiata) (Kaige et aI.,
1984) and rabbitfish (Sugita, 1996), and cultured freshwater fish, including tilapia (Oreochromis
niloticus), rainbow trout (Oncorhynchus mykiss) and ayu (Plecoglossus altivelis) (Kitao et al., 1981).
Antibiotics in the group of macrolide are used to treat the disease (Kusuda and Kawai, 1998).
S. iniae was first isolated in 1972 from a diseased freshwater dolphin (lnia geofrensis) by Pier and
Mardin (1976) and now the isolate is known as the type strain of the species (ATCC 29178). The type
strain is identified as follows: encapsulated, up to 1.5 Jllll in diameter, occurring in long chains in broth
culture. On blood agar small colonies up to 1 mrn in diameter, with opaque center and translucent border,
produce a small to moderate area of p-hemolysis, beyond which is a diffuse outer ring of a-hemolysis.
Acid is produced from fructose, galactose, glucose and some other sugars; starch and esculin are
hydrolyzed, sodium hippurate and gelatin are not; no growth in bile-esculin media or at 45°C (Rotta,
1986).
Not only in Japan, S. iniae has been frequently reported to cause serious problems in cultured fish in
many other countries. Severe mortality has been reported in hybrid tilapia (Tilapia nilotica x T.aurea) in
2
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America (perera et aI., 1994), in tilapia (Oreochromis niloticus), rainbow trout (Oncorhynchus mykiss) 
(Eldar et al., 1994) and red drum (Sciaenops ocellatus) (Eldar et al., 1999) in Israel, barramundi (Lates 
calcarier) in Australia (Bromage et al., 1999), and rabbitfish (Siganus canaliculatus) in Bahrain (Yuasa et 
al., 1999). 
By elucidating the ecology and transmission mechanism of S. iniae, it comes possible to prevent the 
epizootic caused by this pathogen in cultured fish. My primary study was the development of selective 
agars for the isolation of S. inae from cultured Japanese flounder and its cultural environment (Chapter 1). 
With respect to ecological aspects of S. iniae, the seasonal appearance and prevalence of the bacterium in 
the cultured flounder population and cultural environment have been investigated for two consecutive 
years at a private flounder farm (Chapter 2). For finding characteristics of natural S. iniae infection in 
flounder, distribution of S. iniae in various tissues and organs has been investigated (Chapter 3). For 
revealing infection routes of S. iniae, sites of bacterial invasion, course of infection, and relationship 
between infectious doses and occurrence of disease have been studied in experimental S. iniae infection 
by bacteriological and immunohistochemical methods (Chapter 4). 
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1. 1. Introduction
Streptococcus iniae, an important pathogen which causes streptococcosis in fish, was isolated firstly
from a diseased freshwater dolphin (Inia geofrrensis) by Pier and Madin (1976). Since then, it has also
been isolated from cultured ayu (Plecoglossus altivelis), tilapia (Oreochromis niloticus), (Kitao et aI.,
1981), Japanese flounder (Paralichthys olivaceus) (Nakatsugawa 1983a), tilapia (Oreochromis niloticus
x 0. aureus hybrids) (perera et aI., 1994), and rainbow trout (Oncorhynchus mykiss) (Eldar et aI., 1994).
In Japan, streptococcosis occurs frequently in cultured Japanese flounder from June to October, a
period of high temperature. The mortality can reach 8% (Nakatsugawa, 1993). Another epizootic that
also occurs in flounder at the same time of the year is edwardsiellosis caused by Edwardsiella tarda
(Nakatsugawa, 1983b). Flounder may be infected with these two pathogens at the same time.
The development of selective media for bacterial fish pathogens is a relatively new field (Shotts,
1991). Kitao et aI. (1979) used thioglycolate medium supplied with 0.025 % sodium azide and EF
(Enterococcus jaecalis) agar for the isolation of Enterococcus seriolicida in seawater and mud around
fish farms of yellowtail (Seriola quinqueradiata). Sakata and Kawazu (1990) described a selective
medium, called STAN agar, containing sodium azide and thallous sulfate as selective agents, for isolating
streptococci from various sources of tilapia, flounder and yellowtail aquaculture environments. Shotts
(1991) used sodium azide blood agar for isolating streptococci from frogs, aquarium fish and wild fish.
For the prevention of the epizootic caused by S. iniae, it is necessary to elucidate the ecology, infection
route and transmission mechanism of the pathogen in Japanese flounder. Determination of the occurrence
of S. iniae in flounder and its cultural environment may be the first step towards achieving this. In this
chapter, two kinds of selective agar for the isolation ofS. iniae from flounder and its cultural environment
are described.
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Chapter 1. Selective agars for the isolation of Streptococcus iniae from 
Japanese flounder (Paralichthys olivaceus) and its 
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1. 2. Materials and methods 
1. 2. 1. Bacterial strains 
S. iniae NUF631 from the culture collection of our laboratory, isolated from Japanese flounder, and 
ATCC29177 purchased from the American Type Culture Collection, were used as reference strains. 
Cultures were maintained on Todd-Hewitt (TH) agar (Difco Laboratories, Detroit, MI) at 28 DC. 
1. 2. 2. Culture media 
Selective agars were developed by testing the growth of S. iniae strains on TH and heart infusion (HI) 
agar (Difeo) containing different selective additives in various concentrations and combinations. The 
concentrations of selective additives examined were as follows (per liter): 0.1, 0.2, and 0.3 g of sodium 
azide, 75 mg of trypan blue, 0.8 mg of crystal violet, 1 g of thallium acetate (fA), 10 mg of colistin 
sulfate (CS) and 5 mg of oxolinic acid (OA). At the same concentrations, the combinations of selective 
additives were TA with CS, TA with OA and CS with OA. Hemolytic types of S. iniae strains were 
investigated on selective agars supplied with defibrinated horse and sheep blood at concentrations of 3 
and 5 % (v/v). HI agar was used as control agar. 
1. 2. 3. Isolation and cultivation of bacteria from flounder and the cultural environment 
Forty-seven diseased flounder, and nine deposit and eight water samples from the culture tank, were 
collected at flounder farms. The weight of flounder was 0.1-1.0 kg. 
Brain, kidney and intestine of flounder, and deposit samples were ground with nine volumes of 0.1 M 
sterile phosphate buffered saline (PBS), pH 7.2, using a glass homogenizer. Water samples (200 ml) 
were centrifuged at 15,000 xg for 20 min at 4°C. Volumes of 2 m1 at the bottom of the centrifuge bottles 
were collected by gently discarding the clear supernatant fluids. All samples were diluted in a series of 
5 
1:10 with PBS. A 100 J!l of each dilution of brain and kidney preparations was plated on selective agars 
without blood. The others were plated on selective blood agars. HI agar was also plated with each type 
of samples. Inoculated plates were incubated at 28°C. Results were presumptively recorded after 48 h 
and fInal readings were made after 72 h of incubation. If S. iniae or E. farda were isolated from brain 
and/or kidney, the flounder was considered to be infected with the isolated pathogen. 
1. 2. 4. Slide agglutination test 
Five colonies (p-hemolytic colonies in the case of selective blood agars) from the plates which were 
used for counting the colony numbers were transferred to TH agar plates and incubated at 28°C for 48 h. 
The test was performed by mixing a small amount of bacterial colonies with 2-3 drops of rabbit anti-So 
iniae NUF631 serum diluted 1:10 in PBS. The same dilution of rabbit anti-E. tarda NUF49 serum was 
used for the control test. Positive isolates were reserved in HI semisolid agar (0.15 % agar) until required 
for the testing of biochemical characteristics. 
1. 2. 5. Biochemical characterization of the isolates 
Seventy-seven isolates :from flounder, five from deposit and six :from water samples were tested. S. 
iniae NUF631 and ATCC29177 were used as reference strains. The ability to grow at pH 9.6 and in the 
presence of 10 and 40 % bile, the potassium tellurlte (PT) and triphenyltetrazolium chloride (TIC) tests, 
and other routine tests, were carried out as described by Sakazaki (1978) and Sakazald et al. (1988). 
Moller's Decarboxylase Base (Difco) for the arginine, ornithine and lysine decarboxylase test, and Hugh-
Leifson O-F medium, were enriched with 1 % yeast extract (Difco). DNase agar (Nissui Chemical Co., 
LTD., Tokyo, Japan) was used for the deoxyribonucleic acid hydrolysis test. Acid production from 
carbohydrates was tested in BCP semi-solid medium (Eiken Chemical Co., LTD., Tokyo, Japan). HI 
broth containing 1 % hippurate for the hippurate hydrolysis test, and Niven arginine broth for the arginine 
hydrolysis test, were prepared as noted by Smibert and Krieg (1981). 
1. 3. Results 
6 
1.3. 1. Development of selective agars 
In the preliminary experiment of this study, at the lowest concentration of sodium azide (0.1 gil), S. 
iniae showed poor growth and the colony size became pinpoint. On TIl and HI agar supplied with trypan 
blue, S. iniae fonned small and blue colonies, which made it difficult to recognize the target colonies of S. 
iniae. Crystal violet (0.8 mgll) inhibited the growth of S. iniae. The combination of TA with CS 
produced small colonies, even though the incubation time was extended for more than 72 h. The 
combinations ofTA with OA and CS with OA appeared to have no deleterious effects on the growth of S. 
iniae. These combinations were chosen as the selective components of selective agars which were named 
as TAOA (thallium acetate-oxolinic acid) and CSOA (colistin sulfate-oxolinic acid) agars. TAOA agar 
contained (one liter distilled water): 1 g TA (Wako Pure Chemical Industries, Ltd.), 5 mg OA (Wako), 25 
g HI broth (Difco) and 15 g agar (Wako). CSOA agar contained: 10 mg CS (Wako), 5 mg OA (Wako), 25 
g HI broth (Difco) and 15 g agar (Wako); OA was added after being dissolved in 0.1 M NaOH at a 
concentration of 10 mg/mI. All ingredients were combined and autoclaved at 121°C for 20 min. 
Selective blood agars, T AOAB and CSOAB, were prepared by adding 3 % (v/v) defibrinated horse blood 
(Nippon Bio-Test Laboratories Inc.) to selective agars. 
1.3. 2. Isolation ofS. iniae from flounder and the culture tank 
Twenty-one of 47 flounder were found to be infected with mixed infection of E. tarda and S. iniae. 
From the brain and kidney of these flounder, S. iniae was isolated and quantified by selective agars. The 
data in Table 1. 1 show the quantitative recovery of bacteria from eight flounder infected only with S. 
iniae. Comparing bacterial colony numbers from brain and kidney isolated from selective agars and HI 
agar, the count numbers were almost equal. Selective agars were shown to be excellent for detecting S. 
iniae from flounder with mixed infection of E. tarda and S. iniae (Table 1. 2). S. iniae was also detected 
from the intestine of another five flounder infected only with E. tarda (Table 1. 3). Bacterial colony 
numbers from the intestine of flounder infected with neither E. tarda nor S. iniae on selective blood agars 
were lowest among the flounder examined; S. iniae was not isolated from these flounder (Table 1. 4). 
7 
Bacterial colony numbers of deposit and water samples from culture tanks on selective blood agars 
were 10-105 times lower than those on HI agar (Table 1. 5). S. iniae was isolated from two deposit and 
two water samples. 
1. 3. 3. Agglutination test 
The results of the slide agglutination test of isolates are shown in Table 1. 6. All isolates from the 
brain and kidney were positive. The number of positives from intestines was 85 among 127 isolates on 
TAOAB agar, and 76 among 106 isolates on CSOAB agar. Five among 71 isolates from deposit, and six 
among 70 isolates from water samples, were positive. 
1. 3. 4. Biochemical characterization of the isolates 
A total of 88 selected isolates, 77 from flounder, five from deposit and six from water samples, which 
were positive in the slide agglutination test, were tested for biochemical characteristics. All isolates 
showed characteristics similar to those of S. iniae NUF631 and ATCC29177 (Table 1. 7), and were 
identified as S. iniae. 
1. 4. Discussion 
Facklam and Washington II (1991) suggested the use of an enriched infusion medium, such as tryptic 
soy, heart infusion, Todd-Hewitt or proteose peptone, for the cultivation of streptococci as these micro-
organisms are fastidious with respect to their nutritional requirements. Although HI agar was chosen as 
the basal medium in this study, TH agar may be used in selective agars for isolating S. iniae from the 
brain and kidney of flounder. Highly buffered TH agar containing glucose may increase the colony size 
of S. iniae. However, TH agar could not be used as the basal medium for selective blood agars because, 
on tins agar, colonies of S. iniae NUF631 and ATCC29177 showed a-hemolysis (data not shown). 
Hardie (1986) reported that blood agar containing reducing sugars inhibited hemolysis of Streptococcus 
pyogenes. 
8 
Crystal violet, sodium azide and thallium acetate are chemical selective agents commonly used in 
isolation media of streptococci (Hardie, 1986). Thallium salts have been used as selective agents for 
isolating faecal streptococci from various samples. Selective agars containing thallium salts are thallous 
acetate (fA) agar (Bames, 1956), gentamicin-thallous-carbonate (GTC) agar (DOlmelly and Hartman, 
1978) and fluorescent-gentamicin-thallous-carbonate (f-GTC) agar (Little et al., 1983). STAN agar 
containing thallous sulfate as one of the selective agents was used by Sakata and Kawazu (1990) for 
isolating streptococci from tilapia, flounder and yellowtail aquacultures. Catalase-negative bacteria are 
more resistant to thallous acetate than catalase-positive bacteria (Donnelly and Hartman, 1978). TAOA 
agar, with and without blood, inlnbited the growth of Gram-negative bacteria. However, caution is 
required in the preparation of the medium. If thallium acetate is added to TH or HI broth, precipitation 
will occur. Therefore, the thallium acetate should be dissolved in distilled water before the other 
ingredients are added. 
Sako (1993) reported that S. iniae was resistant against colistin and oxolinic acid. The minimum 
inhibitory concentration of these antibiotics was Ingber than 200 I-lg/ml. Petts (1984) proposed a selective 
medium for streptococci, called COBA medium. COBA medium is Columbia blood agar supplied with 
10 mg colistin and 5 mg oxolinic acid per liter. lnlribition of the growth of competing flora in clinical 
specimens from skin, ear and nose infections was almost complete and all the Gram-negative bacteria 
were inhibited. The results of having no Gram-negative bacterial growth on CSOA agar, with and 
without blood, were in agreement with those presented by Petts (1984). Colistin and oxolinic acid are 
stable to sterilization in an autoclave. This is advantageous for the preparation of selective agars. 
In the cases of flounder infected only with S. iniae, pure growth of S. iniae from brain and kidney was 
obtained on HI agar. The percentage recovery of colony number of S. iniae on selective agars was near 
100 % (fable 1. 8). This indicated that S. iniae grows normally on selective agars. It was found that very 
small numbers of S. iniae colonies could be detected by selective agars not only from the brain and 
kidney but also from the intestine of flounder. This shows that selective agars are sensitive for isolating 
S. iniae. All isolated S. iniae showed clear p-hemolysis zones on selective blood agars. A concentration 
of 3 % defibrinated horse blood was enough to enable observation of hemolysis types of colonies; it was 
chosen because of its low price compared with 3 % defibrinated sheep blood. 
9 
Until now, there have been no reports on the occurrence of S. iniae in nature as well as cultural 
environments. In this study, S. iniae was isolated from few deposit and water samples from flounder 
culture tanks. It is suspected that S. iniae occurs in the cultural environment in low numbers. In order to 
lower the detection limit, it is necessary to develop a selective enrichment broth for multiplying the 

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 1. 5. Bacterial colony numbers of deposits and water of culture tanks on heart infusion and 
selective blood agars 
Sample Sample no. HI TAOAB CSOAB 
Deposit 1 3.8xl07 4.7xl04 7.1x104 
(CPU/g) 2 3.0XI07 1.3 X 104 3.3x104 
3 8.6x105 2.1xI04* 2.6xI04* 
4 5.9X107 6.1xlO5 6.5XI05* 
5 1.8XI07 5.IX105 4.0x105 
6 4.2x107 1.2x106 1.8x106 
7 4.7xl07 2.3xI03 1.8x105 
8 9.0x107 1.6x104 1.8x105 
9 1.3 x 108 3.4x 103 6.1x104 
Water 1 4.3x104 1 1.8x1O 
(CPU/IO ml) 2 l.lXI05 2.8xlO 3.7xlO 
3 2.5x103 3* 8* 
4 2.3x103 4* 6* 
5 3.2x105 7.9x102 9.0x102 
6 8.1x 103 5 l.lx102 
7 1.4x103 <1 4 
8 5.5XI03 1 1.8x1O 
* S. iniae was isolated. 
15 
Table 1. 6. Number of isolates presenting positive or negative results in slide agglutination test with























* For the samples of intestine, deposit and water, TAOAB and CSOAB agars were used.
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Table 1.7. Biochemical characteristics of isolates from flounder, deposita and water and reference strains 
ofS. iniae 
Test Flounder Deposit Water S. iniae strain 
(77 isolates) (5 isolates) (6 isolates) NUF631 ATCC29177 
Motility 
Growth on 
10 % bile agar + + + + + 
40 % bile agar 
Growth in 
pH 9.6 





Arginine + + + + + 
Esculin + +(4/5)* + (516)* + 
Gelatin 
Hippurate 
Starch + + + + + 
Decarboxylation of 





Glucose + + + + + 
Glycerol + + + + + 
* Number of positive isolates/number of isolates tested. 
17 
Table 1. 7. (Continued) 
Test Flounder Deposit Water S. iniae strain 
(77 isolates) (5 isolates) (6 isolates) NUF631 ATCC29177 
Acid from 
Lactose + 
Maltose + + + + + 
Mannitol + + + + + 
Raffinose 
Salicin + + + + 
Sorbitol 
Sucrose + + + + + 
Trehalose + + + + + 
Xylose 




OF F** F** F** F** F** 





DNase +(68/77)* +(3/5)* + + 
Urease 
PT 
TIC + + + + + 
* Number of positive isolates/number of isolates tested. 
** Fermentation. 
18 
Table 1. 8. Percentage recovery of S. iniae from flounder suffering from streptococcosis by selective 
agars 
Fish Brain Kidney 
no. HI TAOA CSOA HI TAOA CSOA 
1 100 100.2 100.2 100 100.3 98.8 
2 100 99.5 97.0 100 100.8 101.9 
3 100 99.6 98.1 100 97.9 97.0 
4 100 97.9 104.7 100 107.4 107.4 
5 100 97.1 96.7 100 100.0 100.0 
6 100 99.9 99.1 100 99.8 104.5 
7 100 100.8 102.6 100 99.0 97.7 
8 100 99.8 99.8 100 97.5 97.5 
Average 100 99.3 99.8 100 100.3 100.8 
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Chapter 2. Ecological investigation of Streptococcus iniae in cultured 
Japanese flounder (Paraliciltilys olivaceus) using selective isolation 
procedures 
2. 1. Introduction 
Streptococcus iniae has been reported to cause streptococcosis accompanied with high economic losses 
in cultured freshwater and marine fish in many countries. In Japan, the bacterium was first described in 
1981 as the causative agent of epizootics of streptococcal disease in cultured freshwater fish, namely tilapia 
(Oreochromis niloticus), rainbow trout (Oncorhynchus mykiss) and ayu (Plecoglossus altivelis) (Kitao et 
al., 1981). After that, the bacterium was reported to cause a disease in cultured Japanese flounder 
(Para!ichthys olivaceus) (Nakatsugawa, 1983a). Now it is known that the disease caused by S. iniae occurs 
mainly during high temperature months. 
In recent studies, experimental S. iniae infection has been achieved by immersing fish in water 
containing S. iniae (perera et al., 1997; Bromage et al., 1999) or cohabitation with diseased fish 
(Shoemaker et al., 2000). Thus, it is evident that fish can be infected with S. iniae if the surrounding water 
is contaminated by the bacterium. To devise a preventing measure it is important to investigate the 
distribution and seasonal variation in number of the bacterium in the cultural environment. There were 
several attempts to isolate S. iniae fom the cultural environment (perera et al., 1997; Nguyen and Kanai, 
1999). However, Perera et al. (1997) were not successful in isolating S. iniae from the mud or water of 
ponds which had contained infected hybrid tilapia (Oreochromis niloticus x 0. aureus). The reasons of 
failure in isolating the bacterium have been explained as the bacterium was not able to grow in the media 
used or number of the bacterium in the environment was too low. 
The use of selective media is convenient to detect a particular bacterium from materials containing 
various bacterial species. Nguyen and Kanai (1999) developed two selective agars for the isolation of S. 
iniae, named as thallium acetate-oxolinic acid (TAOA) agar and colistin sulphate-oxolinic acid (CSOA) 
agar. These agars quantitatively recovered S. iniae from the brain and kidney of Japanese flounder 
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suffering from streptococcosis. S. inae was also isolated from samples containing various bacterial flora 
such as the intestinal contents of flounder, and water and deposits in fish tank. However, I noted that low 
numbers of the target bacterium in samples made recovery of them difficult, and that selective enrichment 
culture will be needed in order to solve this problem. 
The prime objective of this study was to find out the seasonal appearance and prevalence of S. iniae in 
the cultural environment and flounder population. Various samples collected on monthly basis from deposit 
and water in culturing tank, water supply, and flounder were investigated for two consecutive years, using 
selective agars and a enrichment broth. 
2. 2. Materials and methods 
2. 2.1. Preliminary evaluation of a selective enrichment broth for the recovery ofS. iniae 
The first experiment was designed to observe the growth of S. iniae NUF631, an isolate of our 
laboratory from diseased Japanese flounder, in Todd-Hewitt (TH) broth (Difco Laboratories, Detroit, 
Mich.) containing selective additives. A suspension of S. iniae NUF631 was made by vortexing colonies of 
24-h-old culture on TH agar at 28°C in sterilized 0.1 M phosphate buffered saline (PBS), pH 7.2, at 1 
mg/mI. From this suspension serial one-tenth dilutions were prepared with PBS and subsequently the 
volumes of 100 f!l of 10-7 dilution containing 9.1 colony-forming units (CFU) were inoculated to tubes 
containing 10 ml of TH broth with or without selective additives. Concentration of selective additives in 
broth was 5 mgll of oxolinic acid (OA) (Sigma Chemical Co., USA), 10 mgll of colistin sulphate (CS) 
(Wako Pure Chemical Industries, Ltd., Osaka, Japan), and 0.5 and 1 gil of thallium acetate (TAO.5 and 
TAl, respectively) (Wako). Three combinations of selective additives were as follows, CS and OA (CSOA 
broth), TAO.5, CS and OA (TAO.5CSOA broth) and TAl and OA (TAIOA broth). Incubation temperature 
for all cultures was 28°C. Viable count of cultures at 24, 48, 72 and 96 h of incubation were confirmed by 
TH agar plate counts. Mean value was calculated from the results obtained from a duplicate test. 
A further experiment was carried out to compare the ability of TH broth with selective additives for the 
recovery of S. iniae from deposit and water samples containing various bacterial species. Suspension of S. 
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iniae NUF631 was prepared as described above. Ten samples, each of deposit and water, were collected 
from flounder tanks. Each sample was divided into four parts. Each part of deposit samples was I g in 
weight and each part of water samples was 200 mI in volmne. Among four parts of each sample, two parts 
were seeded with S. iniae NUF631 and two parts were not seeded. Each seeded part of deposit and water 
samples was added with 100 ~l of 10-6 (71 CFU) and 10-7 dilutions (7.1 CFU), respectively. Water 
samples were centrifuged at 15,000 x g with a Kubota KR-20000T centrifuge (Kubota Medical Appliance 
Supply Corporation, Japan) for 20 min at 4°C. Clear supernatant fluid was discarded and the remaining at 
the bottom of a centrifuge bottle, about 2 mI, was shaken thoroughly. Deposit and centrifuged water 
samples were inoculated to tubes containing 10 mI of CSOA or T AO.5CSOA broth and incubated. All 
cultures were subcultured on TAOA blood (TAOAB) agar (Nguyen and Kanai, 1999) after 48 hand 72 h 
of incubation. Suspected colonies grown on T AOAB agar were isolated and confirmed to be colonies of S. 
iniae by slide agglutination test (Nguyen and Kanai, 1999). 
2. 2. 2. Isolation ofS. iniae from the cultural environment andflounder population 
Direct plating (or streaking) procedure using TAOAB selective agar (SA) and broth enrichment 
procedure for multiplying target bacteria in TAO.5CSOA selective broth (SB) followed by subculture on 
SA were employed. Tubes containing 10 m1 of SB were prepared for inoculation. All cultures were 
incubated for 72 h at 28°C. Colonies suspected to be S. iniae were subjected to slide agglutination test. 
The study was conducted at a flounder fann located in Nagasald Prefecture for two consecutive years 
from June 1998 to May 2000. ill the fann water supply and water offish tanks are directly pumped from 
and drained to the same seawater body. Flounder juveniles (3-5 cm in body length) are usually introduced 
to the fann for rearing in December every year. Sampled flounder which were reared for up to one year 
and over one year from the time of introduction to the farm were categorized as O-year -old and I-year -old 
fish, respectively. Water temperature of fish tank was recorded on sampling dates only. 
Deposit and water samples were taken from 0- and l-year-old fish tanks in almost every month for two 
sampling years. Samples of water supply were collected in tlle second year only. Deposit was ground with 
nine volumes of PBS from which one-tenth dilutions were made, and then 100 ~l of each dilution was 
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plated on SA. Another portion of deposit weighing about 1 g was inoculated directly into SB. Water in 
flounder tank and water supply (200 ml for each sample) were collected and centrifuged as described 
above. From about 2 ml of the centrifuging preparation, 100 J-ll was directly plated, 100 fl.} was subjected to 
one-tenth dilutions before plating on SA and the rest was inoculated in SB. 
Flounder (40 to 700 g), 10 O-year-old and 10 l-year-old fish per sampling in principle, were sampled 
randomly from fish tanks from June to October and from June to December in the first and the second year, 
respectively. Fish were euthanized individually in polyethylen bags containing tricaine methane sulfonate 
at an overdose concentration. Samples taken from fish with an appropriate amount were streaked on SA 
and those weighing about 1 g were used for SB. Whole brain and a block of kidney were placed onto and 
streaked over the surface of SA without blood, and then transferred to SB. A portion of intestine was cut 
open and intestinal internal surface was streaked on SA, while another portion was cut off and put into SB. 
Two mucus samples of the skin of lateral part of fish body were collected, each of which was used for an 
inoculum of SA and SB. Sample of nares was taken by a sterile swab. The swab was made by rolling a 
small piece of cotton around one side of a mcrom wire so that the swab was inserted deeply into nares. 
Two nasal swabs were obtained from two nares. One was used for streaking on SA and the cotton piece of 
the other was taken off and put into SB. A single gill arch and eyeball were cut off and inoculated in SB. 
2. 3. Results 
2. 3.1. Preliminary evaluation of a selective enrichment broth for the recovery ofS. iniae 
Results of the first experiment are shown in Table 2. 1. Viable count of S. iniae NUF631 in TH, CSOA, 
TAO.5CSOA and TAIOA broth reached a maximum value at 24, 48, 72 and 96 h of incubation, 
respectively. Maximum values in TAO.5CSOA and TAIOA broth were less than one tenth of tllOse 
obtained from TH and CSOA broth. Incubation time needed for reaching maximum value in TAO.5CSOA 
broth was 24 h shorter than that in TAl OA broth. Viable count in CSOA broth was almost equal to that in 
TH broth after 48 h of incubation. From these results, CSOA and T AO.5CSOA broth were chosen for the 
following experiment. 
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Recovery results of S. iniae NUF631 seeded in deposit and water samples are shown in Table 2. 2. All 
the unseeded samples were negative for S. iniae. All the seeded samples were negative after 48 h of 
incubation. But after 72 h, one seeded deposit sample in T AO.5CSOA broth and a total of five seeded 
water samples, one in CSOA and four in TAO.5CSOA broth, were positive. From the results obtained, 
TAO.5CSOA broth was chosen as a selective enrichment broth for the detection of S. iniae. 
2. 3.2. Prevalence ofS. iniae in the cultural environment andflounder population 
When samples of the cultural environment and flounder were cultured on SA, two colony types of S. 
iniae grew out (Fig. 2. 1). Both types were confirmed to be S. iniae by agglutination test One type was 
characterized by convex, entire and fairly transparent appearance, and produced a small or moderate p-
hemolytic zone with unapparent outer edge. The other type was recognized with umbonate, entire and 
opaque appearance. Hemolytic zone of this type consisted of two hemolytic zones, inner (X,- and outer p-
hemolytic. The outer p-hemolytic zone was not viewed clearly unless the incubation time was prolonged 
more than 72 11. This type produced only p-hemolytic zone on CSOA or non-selective blood agar. 
Detection of S. iniae from the environmental samples is sunuuarized in Table 2.3. S. iniae was detected 
on most sampling dates of two consecutive sampling years. In O-year-old fish tanks detection rates were 
low in the initial six months of rearing, that is, from January to June, while in l-year-old fish tanks S. iniae 
was detected in almost all months except for low temperature months. Total detection rates for deposit and 
water samples from l-year-old fish tanks were 37.3 % (22 of 59) and 57.6 % (34 of 59), and were higher 
than those from O-year-old fish tanks, 20.0 % (20 of 100) and 32.4 % (33 of 102), respectively. S. iniae 
was also detected from water supply in high temperature months. Detection rate for water supply was 21.6 
% (8 of 37). Detection rate of S. iniae from environmental samples was higher in months from July to 
December than the other months. 
Detection of S. iniae from individual flounder is summarized in Table 2. 4. S. iniae was isolated from 
various sites of fish body, but detection rate was different by sampling date and the age of sample fish. 
Fifteen flounder, from brain and/or kidney of which S. inae was isolated, were S. iniae infected fish. For 
overall results, detection rates of S. iniae for brain and kidney were 6.1 % (14 of 230) and 5.7 % (13 of 
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230), respectively. Detection rates for gill and mucus were 25.6 % (23 of 90) and 29.6 % (62 of 210), 
respectively, and were higher than 10.0 % (23 of 230) for intestine, 8.9 % (8 of 90) for eyeball and 7.4 % 
(17 of 230) for nasal swab. 
2. 3. 3. Comparison of direct plating and broth enrichment procedures for the detection of s. iniae 
The results of detection of S. iniae from the environmental samples and flounder by two selective 
procedures are shown in Tables 2. 5 and 2. 6, respectively. Forty out of 41 positive deposit samples were 
detected by SA, while only five were detected by SB. Out of 65 positive water samples, 53 and 34 were 
detected by SA and SB, respectively. All positive water supply samples were detected by SB. Number of 
positive samples of flounder detected by SA was low in comparison with those detected by SB. Positive 
numbers by SB were almost equal to the total positive numbers. 
2. 4. Discussion 
Selective additives employed in enrichment broth media for the detection of streptococci are similar to 
those employed in solid media but often lower in concentration (Facklam and Wilkinson, 1981). In this 
study, concentration and combination of selective additives in TH broth were based on those applied in the 
selective agars (Nguyen and Kanai, 1999). TA was examined at concentration of 0.5 and 1 gil. Although 
maximum growth of S. iniae NUF631 obtained in T AO.5CSOA broth was about lO-fold less than those in 
CSOA as well as TH broth, TAO.5CSOA was chosen as a selective broth according to the result of recovery 
of S. iniae seeded in deposit and water samples. The number of viable cells of S. iniae NUF631 seeded is 
below the detection limit of the selective agars, which is 100 viable cells per gram of deposit and 20 viable 
cells per 200 ml of water sample. The addition of T A to CSOA broth might have suppressed the growth of 
bacteria other than S. iniae in deposit and water samples more effectively than the combination of CS and 
OAalone. 
In tIns study, two colony types of S. iniae, convex type and umbonate type, grew out upon culturing 
samples on SA. Though umbonate type showed only ~-hemlysis on CSOA or non-selective blood agar, it 
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produced a hemolytic zone like a-type on T AOA blood agar. This phenomenon may be due to the effect of 
T A. One should be careful not to overlook S. iniae colonies on T AOA blood agar, because S. iniae was 
generally considered to be p-hemolytic (Dodson et al., 1999; Eldar et al., 1999; Yuasa et al., 1999), though 
several investigators described a p-hemolytic zone surrounded by an a-hemolytic zone (pier and Madill, 
1976; Bromage et al., 1999) 
The result that S. iniae was detected from deposit and water samples on most sampling dates of two 
consecutive years indicates the permanent presence of S. iniae in the farm. Because streptococcosis usually 
occurs in high temperature months, the most possible explanation for the permanent presence of S. iniae in 
the cultural environment is the presence of reservoirs in a fish population, that is, diseased fish and carrier 
fish in high and low temperature months, respectively. This hypothesis is supported by the result that the 
detection rates of S. iniae from deposit and water samples were higher in l-year-old fish tanks than in 0-
year-old fish tanks. Bromage et al. (1999) suggested that cultured barramundi (Lates calcarifer) carrying S. 
iniae only in the brain and not displaying any signs of disease may serve as reservoirs in a fish population. 
For samples from l-year-old fish tanks the presence of carrier fish that might be survivors of the epizootic 
explains the high detection rates. For samples from O-year-old fish tanks the low detection rates from 
January to July might be due to nonexistence of carrier fish, because O-year-old fish introduced in 
December had not experienced the epizootic during this period. 
Detection of S. iniae from water supply suggests the circulation of the bacterium between fish tank 
and the seawater body around the farm. This may be suspected as follows; carrier fish as well as diseased 
fish release the bacterium to tank water, water containing the bacterium is drained to the sea, and 
contruninated seawater is pumped up as water supply resulted in transferring the bacterium to fish tanks. 
Particularly, supplying contaminated seawater to O-year-old fish tanks causes a risk of outbreak of the 
disease in the fish population. 
S. iniae detected from the samples of flounder body surface such as gill, skin mucus, eyeball, nares and 
intestine may be contruninated from deposit or water, because the high detection rates for the samples of 
flounder were connected with those for deposit and/or water samples. Though S. iniae was detected from 
gill and mucus more frequently than the other sites of body tested, it is not certain that S. iniae has a high 
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affinity to these sites since the amount of sample inoculated to selective media was different according to 
the kind of sample. 
Selective broth media have been extensively employed in epidemiological studies and diagnoses of 
diseases caused by clinical streptococci and enterococci in human, and recognized to have an ability to 
overcome the difficulty of selective agars to detect target bacteria present in low numbers (Ellen et al., 
1980; Ieven et al., 1999). However, successful employment of a selective broth is affected by a number of 
factors. One of factors is the potential of overgrowing of competing bacteria in selective broth resulted in 
masking the presence of target bacteria (Dunne and Holland-Staley, 1998; Dunne, 1999). In this study SB 
was proved to be superior to SA for the detection of S. iniae from samples of flounder, particularly such as 
intestine and mucus. The reasons for the superiority of SB may be low numbers of not only S. iniae but 
also competing bacteria present in samples and suppression of growth of S. iniae on SA due to hardening of 
such mucous samples dming incubation on SA inoculated in a large amount. SB was shown to be superior 
for water supply also, probably due to the former reason. On the other hand for deposit sample SA should 
be employed, because deposit was heavily contaminated with competing bacteria, the overgrowth of which 
masked the presence of S. iniae in SB. Even employing SA it was required to dilute deposit samples 
usually up to 10-3 to observe and isolate suspected colonies grown on SA. In tank water competing bacteria 
were not so many as deposit, but the detection rate by SB was somewhat lower than SA. It is better to 
employ both isolating procedures for water sample to heighten the detection rate. 
To our knowledge this is the fIrst report demonstrating the presence of S. iniae in fish culture facilities, 
but this does not mean the presence of the bacterium in any aquatic environment. The presence of the 
bacterium in the environment probably results from the existence of the diseased or carrier fIsh. Though 
various factors such as environmental conditions (Eldar et al., 1995) and fIsh density (Shoemaker et al., 
2000) affect the disease outbreak, it is important to remove the diseased fIsh and, if possible, carrier fIsh 
from tanks and to take care not to introduce S. iniae-contaminated water to tanks free from the disease in 
order to lower the damages due to the disease. 
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Fig. 2. 1. Growth of two colony types of S. iniae on TAOAB agar. Convex colony type produces only a
p-hemolytic zone (arrowheads) (photograph at the top). Umbonate colony type produces a a-hemolytic
zone (arrows) (photograph at the bottom).
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Table 2. 1. Viable count (CFU/ml) ofS. iniae NUF631 in Todd-Hewitt broth with or without selective
additives
Incubation Todd-Hewitt CSOA TAO.5CSOA TAIOA
time (h) broth broth broth broth
24 7.1xl08 3.0xl07 6.9xl06 5.6xl05
48 5.6x108 4.7x108 1.3x107 2.8x106
72 2.6xl08 1.0x108 3.6x 107 3.6x106
96 3.9x 107 3.2x 107 1.6x107 2.1xl07
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Table 2. 2. Recovery of S. iniae NUF631 seeded in deposit and water samples in Todd-Hewitt broth with 
selective additives at 48 and 72 h of incubation 
































Table 2. 3. Detection (number of positive tanks/number of tanks tested) of S. iniae from environmental 
samples 
Sampling Water O-year-old fish tank I-year-old fish tank Water 
date temperature supply 
(0C) Deposit Water Deposit Water 
lUll 20,1998* 23.1 012 012 0/3 0/3 Not tested 
luI 6,1998* 23.9 012 012 0/3 2/3 Not tested 
JuI25,1998** 24.2 012 212 113 3/3 Not tested 
Aug 12,1998** 25.8 0/2 212 0/3 3/3 Not tested 
Sep 18,1998 25.7 0/2 212 1/3 2/3 Not tested 
Oct 9,1998 25.0 4/5 5/5 No sample No sample Not tested 
Oct 29,1998 24.8 3/5 2/5 No sample No sample Not tested 
Nov 27,1998 19.2 4/5 2/5 No sample No sample Not tested 
Jan 12,1999 14.7 0/2 0/2 113 0/3 Not tested 
Feb 18,1999 13.9 0/2 0/2 0/3 0/3 Not tested 
Mar 17,1999 14.3 0/2 112 113 2/3 Not tested 
Apr 14,1999 15.8 012 0/2 3/3 3/3 Not tested 
May 14,1999 19.7 0/7 0/7 1/3 3/3 Not tested 
lun 20,1999 23.5 0/7 0/5 3/3 3/3 0/2 
lui 16,1999 23.9 1/3 1/5 2/3 1/3 1/2 
Aug 2,1999 25.4 0/3 3/5 1/3 3/3 2/2 
Aug 18,1999 26.4 0/5 0/5 2/3 2/3 0/2 
Sep 3,1999 26.7 1/5 0/5 2/3 3/3 0/2 
Oct 7,1999 25.5 3/5 5/5 No sample No sample 3/3 
Nov 4,1999 21.1 1/5 2/5 No sample No sample 1/3 
Nov 17,1999 19.0 1/5 1/5 No sample No sample 0/3 
Dec 7,1999 17.6 0/5 3/5 No sample No sample 1/3 
Dec 27,1999 15.0 2/5 2/5 No san1ple No sample 0/3 
Jan 20,2000 12.8 0/3 0/3 012 0/2 0/3 
Feb 23,2000 12.7 0/3 0/3 0/4 0/4 0/3 
Apr 6,2000 15.4 0/3 0/3 1/4 1/4 0/3 
May 8,2000 17.6 0/3 0/3 3/4 3/4 0/3 
* Deposit and water san1ples were only subjected to SB. 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2. 5. Comparison of two selective procedures for the detection of S. iniae from environmental 
samples 
Sample No. of Total No. of positive sample detected by 
sample positive no. 
SA(SA only) SB(SB only) 
Deposit 139 41 40(36) 5(1) 
Water 151 65 53(31) 34(12) 
Water supply 37 8 2(0) 8(8) 
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Chapter 3. Distribution of Streptococcus iniae in tissues and organs of naturally 
infected flounder (Paralichthys olivaceus) 
3. 1. Introduction 
Streptococcosis caused by Streptococcus iniae is widely distributed in many cultured fish in Japan 
including ayu (Plecoglossus altivelis), tilapia (Oreochromis niloticus) (Kitao et al., 1981), flounder 
(Paralichthys olivaceus) (Nakatsugawa, 1983a), jacopever (Sebastes schlegeli) (Sakai et al., 1986) and 
dusky spinefoot (Siganus fuscessces) (Sugita, 1996), yellowtail (Seriola quinqueradiata) (Sako, 1998). 
Histopathological studies on S. iniae infection have been reported in ayu, flounder and rainbow trout 
(Oncorhynchus mykiss) (Miyazaki, 1982) and tilapia (Miyazaki et al., 1984). Conunon characters were 
indicated by the infiltration of bacteria-laden macrophages and granuloma formation in infected lesions of 
various organs (Miyazaki et al., 1984). In this chapter, paraffin sections of various tissues and organs of 
naturally S. iniae-infected flounder were analyzed by inununohistochemistry so that the evidences of 
infection could be studied. 
3. 2. Materials and methods 
Thirteen diseased flounder (60-200 g in body weight) were obtained from a flounder farm. TIle fish 
were examined externally and internally for gross lesions, and their brain and kidney were cultured on 
Todd-Hewitt agars. Bacterial colonies grown were subjected to agglutination tests with rabbit anti-So 
iniae NUF631 and rabbit anti-Edwardsiella tarda NUF49 sera to confirm the causes of disease. Only fish 
solely infected with S. iniae were involved in the investigation. 
Samples of brain, kidney, spleen, liver, stomach, intestine, gill, eye and nares were fixed in 10 % 
neutral buffered formalin, embedded in paraffin and then sectioned (3 ~m in thicbness). Endogenous 
peroxidase activity in tissues was removed by incubating sections with 0.3 % hydrogen peroxide in 
methanol for 30 min. Non-specific binding sites of antibody were blocked with 2 % gelatin in Tris-
buffered saline (20 mM Tris-HCI, 500 mM NaCI, pH 7.5; TBS). Blocked sections were incubated with 
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rabbit anti-S iniae NUF631 or NUF815 serum diluted 1:1000 in 1 % gelatin-Tween TBS (0.5 ml Tween
20 in 1000 ml TBS; TIES) for 1 h at room temperature and then with goat anti-rabbit IgG conjugated
with horseradish peroxidase (purchased from Bio-Rad; HRP-GAR) diluted 1:3000 in 1 % gelatin-TTBS
for 30 min at room temperature. Specific binding of HRP-GAR was detected by incubating with a
mixture of 20 mg diaminobenzidine tetrahydrochloride (DAB) and 0.1 ml of 5 % hydrogen peroxide in
100 ml of 0.05 M Tris-Hel, pH 7.6, for 4 to 5 min. Sections were counter-stained with hematoxylin for 5
to 10 min. S. iniae was detected as brown color in a section against a blue background. Rabbit anti-Eo
tarda NUF49 serum and tissue samples of healthy fish were used for negative control.
3. 3. Results
Three out of 13 diseased fish were confirmed to be solely infected with S. iniae. Bacterial growths
from these fish were pure and abundant. These fish showed externally darkening of the skin, and internal
hemorrhages and protrusions of the eyes. Internally, pale liver, and swelling of the spleen and kidney
were observed. Gastric and intestinal lesions were not observed. Summary of immunohistochemical
detection of S. iniae antigen is shown in Table 3. 1. Intense grade of detection was recorded in the
sections of the kidney and spleen, and low grade was detected in the sections of the liver, stomach and
intestine. Varied detection grades were obtained from the sections of the other tissues and organs.
Bacteria-laden phagocytic cells were often observed in the lumen of blood vessels distributing in
tissues and organs examined. Infiltration of profuse bacteria-laden phagocytic cells was seen in the
kidney, spleen, heart, brain and eyeball. Some bacteria-laden phagocytic cells were necrotic due to the
bacterial multiplication with characters of absence or change in shape of the nucleus.
The kidney and spleen were the organs in which S. iniae antigen was numerously detected. The
kidney sections of infected fish were characterized by the distribution of S. iniae in the interstitial tissue,
particularly in tissue areas surrounding the renal tubules. High magnification views of sections showed S.
iniae mainly distributed along the vascular system in the interstitial tissue (Fig. 3. 1), and in the lumen of
the blood vessels S. iniae was accumulated in phagocytic cells (Fig. 3. 2). Observation of the spleen
sections revealed that S. iniae antigen was dominant in the ellipsoids and less detectable in other portions
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of the splenic stroma (Fig. 3. 3). In the ellipsoids S. iniae was phagocytized by phagocytic cells (Fig. 3.
4). The stomach, intestine and liver were the organs in which S. iniae antigen was less detectable. Only
some bacteria-laden phagocytic cells were observed in the lumen of the blood vessles. S. iniae antigen
was detected in the muscularis layers, stratum compactum and lamina propria but not in the epithelial
mucosa of the stomach and intestine (Figs. 3. 5, 6, 7 and 8). The liver sections showed bacteria-laden
phagocytic cell in the sinusoids (Fig. 3. 9). S. iniae antigen was detected abundantly in the epicardium of
the heart (Fig. 3. 10) in which phagocytic cells with numerous S. iniae multiplied inside were observed
(Fig. 3. 11). In the myocardium phagocytic cells containing S. iniae were seen in the small blood vessels
(Fig. 3. 12). S. iniae antigen was detectable in the meninges and ventricles of the brain (Fig 3. 13).
Accumulation of S. iniae antigen inside phagocytic cells that circulated in the blood vessels in the
meninges and nerve fiber layers was obviously observed (Figs. 3. 14 and 15). In the blood vessels of the
primary and second lamella of the gills bacteria-laden phagocytic cells were often observed (Fig.3. 16).
Sections of severely infected eyes showed S. iniae antigen in the cornea (Figs. 3. 17 and 18), ocular cavity
(Fig. 3. 19) and choroid of the posterior wall of the eyeball (Fig. 3.20). S. iniae antigen was detectable in
the lamina propria of olfactory pouches of nares (Fig 3. 21).
3. 4. Discussion
S. iniae has been reported to cause septicemic infection in fish (Miyazaki et aI., 1984; Perera et. al.,
1998). In this study S. iniae antigen was detected in many organs, and the vascular distribution of the
bacterium was clearly shown. S. iniae antigen was detected throughout the tissues of the kidney and
spleen. It could be explained by their high bacteria-trapping capabilities. The occurrence ofS. iniae in the
other tissues and organs examined was commonly characterized by infiltration of bacteria-laden
phagocytic cells. Intracellular multiplication of phagocytized bacteria caused deaths of phagocytic cells,
resulting in dissemination of the bacterium to surrounding tissues.
Miyazaki et aI. (1984) reported that the stomach and intestine of naturally S. iniae-infected tilapia
were sometimes invaded by the bacterium with the observation of bacteria-laden macrophages infiltrating
the lamina propria, submucosa and serosa. The similar bacterial invasion in the stomach and intestine
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was observed in diseased flounder. However, evidence of the invasion and multiplication of S. iniae in
the mucosal epithelium of these organs was not observed. So, the occurrence of S. iniae in the stomach
and intestine of these naturally infected fish might also be the result of the infiltration of bacteria-laden
phagocytic cells rather than direct invasion of the bacterium from the lumen through the mucosal
epithelium.
Distribution of S. iniae in tissues and organs of naturally infected flounder described herein win be
referable data for further studies to reveal the entry sites and the infection course ofS. iniae in flounder.
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Fig. 3. 1. Kidney section showing the distribution of S. iniae along the blood vessels in the interstitial
tissue (photograph at the top). Abbreviations: g, glomerulus; it, interstitial tissue; Ill, melanomacrophage
center. Arrows show renal tubules. Asterisks show lumen of the blood vessels. x400.
Fig. 3. 2. A high magnification view of the blood vessel in the interstitial tissue showing bacteria-laden
phagocytic cells in the lumen of the blood vessel (photograph at the bottom). Abbreviation: rt, renal
tubule. Arrows show bacteria-laden phagocytic cells. Asterisk shows lumen of the blood vessel. xlOOO.
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Fig. 3. 3. Spleen section showing S. iniae antigen mainly detected in the ellipsoids (photograph at the
top). Abbreviations: e, ellipsoid~ m, melanomacrophage center~ SC, splenic cord. x200.
Fig. 3. 4. A high magnification view of an ellipsoid with bacteria-laden phagocytic cells inside
(photograph at the bottom). Arrows show bacteria-laden phagocytic cells. xl000.
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Fig. 3. 5. Stomach section. S. iniae antigen is detected in the blood vessel in the muscular layer
(photograph at the top). Abbreviations: GI, gastric gland; M, muscular layer. Arrowhead shows the blood
vessel. x360.
Fig. 3. 6. A higher magnification view of the blood vessel (photograph at the bottom). Bacteria-laden
phagocytic cells are seen in the lumen of the blood vessel. Arrows show bacteria-laden phagocytic cells.
Asterisk shows lumen of the blood vessel. x2000.
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Fig. 3. 7. Intestine section. S. iniae antigen is detected in the muscularis, stratum compactum and lamina
propria (photograph at the top). Abbreviations: Lp, lamina propria; M, muscular layer; S, stratum
compactum. x400.
Fig. 3. 8. A high magnification view of a blood vessel in the muscularis of the intestine. Bacteria-laden
phagocytic cells are seen in the lumen of the blood vessel (photograph at the bottom). Abbreviations: Ec,
epithelial cell; M, muscular layer. Arrows show bacteria-laden phagocytic cells. Asterisk shows lumen of
the blood vessel. xlOOO.
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Fig. 3. 9. Liver section. A bacteria-laden phagocytic cell is seen in the lumen of the sinusoid. Arrow
shows bacteria-laden phagocytic cell. Asterisk shows lumen of the sinusoid. x2000.
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Fig. 3. 10. Heart section. S. iniae antigen is abundantly detected in the epicardium (photograph at the top).
Abbreviation: M, myocardium. Arrowheads show the epicardium. xiOO.
Fig. 3. 11. A high magnification view of the epicardium. Bacteria multiply inside phagocytic cells.
Several phagocytic cells are necrotic characterizing with the absence of the nucleus (photograph at the
bottom). Abbreviations: E, epicardium; M, myocardium. Arrows show bacteria-laden phagocytic cells.
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Fig. 3. 12. Myocardium section. Bacteria-laden phagocytic cells are seen in the lumen of the blood
vessels. Abbreviation: M myocardium. Arrows show bacteria-laden phagocytic cells. Asterisks show
lumen of the blood vessels. xl000.
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Fig. 3. 13. Brain section. S. iniae antigen is detected in the meninges and ventricles. Abbreviation: V,
ventricle (photograph at the top). Arrowheads show the meninge. x40.
Fig. 3. 14. A high magnification view of the meninge and nerve fiber layer showing bacteria-laden
phagocytic cells in the blood vessels (photograph at the bottom). Abbreviations: In, meninge; nf, nerve
fiber layer. Arrows and arrowheads show bacteria-laden phagocytic cells and the blood vessels,
respectively. x800.
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Fig. 3. 15. A high magnification view of the meninge showing bacteria-laden phagocytic cells in the 
blood vessels adjacent to the neuropil. Abbreviations: m, mcningc; It, neuropil. Arrow shows a bacteria-
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Fig. 3. 16. Gill section showing a bacteria-laden phagocytic cell in the lumen of the blood vessel in the 
primary lamella. Abbreviation: PI, primary lamella. Arrowheads show secondary lamella. Arrow shows 
bacteria-laden phagocytic cell. Asterisk shows lumen the blood vessel. x 1000. 
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Fig. 3. 17. Severely infected cornea. S. iniae antigen is abundantly detected (photograph at the top). 
Abbreviations: c. cornea; i. iris; oc, ocular cavity. x40. 
Fig. 3. 18. A high magnification view of the cornea seen in the above photograph showing tile 
multiplication of S. iniae inside phagocytic cells. Many phagocytic cells are necrotic (photograph at the 
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Fig. 3, 19. Section of a severely infected eye showing massive amount of S. iniae antigen in the ocular 
cavity (photograph at the top). Abbreviations: c, cornea; ~ iris; OC, ocular cavity; r, retina. x40. 
Fig 3. 20. A high magnification view of the choroid of the posterior wall of a severely infected eye 
showing the infiltration of bacteria-laden phagocytic cells (photograph at the bottom). Arrows show 
bacteria-laden phagocytic cells. x2000. 
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Fig. 3. 21. A high magnification view of an olfactory pouch. S. iniae antigen is detected in the lamina 





































































































































































































































Streptococcosis caused by Streptococcus iniae has been reported worldwide in many intensively
cultured fish species. Natural and experimental S. iniae infections were described in rainbow trout
(Oncorhynchus mykiss) (Kitao et al., 1981), Japanese flounder (Paralichthys olivaceus) (Nakatsugawa,
1983a), hybrid tilapia (Oreochromis niloticus x 0. aureus) (perera et al., 1994), hybrid striped bass
(Morone saxatilis x M chrysops) (Stoffregen et al., 1996), barramundi (Lates calcarifer) (Bromage et al.,
1999), rabbitfish (Siganus canaliculatus) (Yuasa et al., 1999) and red drum (Sciaenops ocellatus) (Eldar
et al., 1999). Experimental infections were often conducted by methods of intraperitoneal injection
(Kitao et al., 1981) and intramuscular injection (Nakatsugawa, 1983a~ Yuasa et al., 1999). Clinical signs
of S. iniae infection are commonly characterized by darkness in color, disorientation in movements, uni-
or bilateral exophthalrnia, congestion of the fins and mouth, and, internally, congestion of the liver, spleen
and kidney, and acites.
Recently, various methods of infection have been employed to study the route of infection of S. iniae
such as immersion, oral administration, cohabitation with diseased fish and nares inoculation. Perera et
al. (1997) suggested that S. iniae can cause disease in tilapia through water-borne as well as oral route of
infection. Shoemaker et al. (2000) observed cannibalism of the eyes and viscera of moribund and dead
fish in a cohabitation experiment and suggested an oral and! or olfactory routes of infection. Evans et al.
(2000) were successful in experimental S. iniae infection of hybrid striped bass and tilapia by nares
inoculation and suggested that nares may be a potential route of infection.
Japanese flounder is one of the most important cultured flatfish in Japan. Cultured flounder has been
often suffered from streptococcosis caused by S. iniae in the high temperature period every year. The
route of S. iniae infection in flounder has not been clarified. Elucidation of possible routes of infection
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will be helpful to establish more effective fish health management and so to lower the losses due to the 
disease. 
In this study, experimental oral and bath challenges using high infectious doses were carried out to 
investigate the route of infection. Immunohistochemical technique, together with bacteriological methods 
for counting and isolating bacteria, was used to monitor the sites of bacterial entry and the course of 
infection in fish at different time points after introducing S. iniae. Using these techniques and methods, 
the entry, distribution and multiplication of the bacterium in fisl!, and their relationship to lesions can be 
more accurately followed. However, in the water environment introduction of S. iniae to fish seems 
difficult to identify the sites of the bacterial entry. It is concerned that fish in bath challenge experiment 
could ingest water contaminated with S. iniae and that in oral challenge experiment the bacterium mixed 
in feed could be excreted in the water from the digestive tract of fish. In order to clarify the routes of 
infection by each method, a wide range of infectious doses was used to challenge fish in another 
experiment. Additionally, clinical signs and progressions of an infectious disease may vary with strains 
of the same bacterial species because of their different virulence. Therefore two strains of S. iniae, which 
differ in colonial appearances, one is fairly dry and opaque and the other is mucoid and transparent, were 
involved in the experimental infections. 
4. 2. Materials and methods 
4.2. 1. Bacteria 
S. iniae NUF631 and NUF815, producing fairly dry-opaque and mucoid-transparent colonies, 
respectively, isolated from diseased flounder were used for the experimental infections. 
4.2.2. Fish 
Flounder used in the experiments were the fish grown for several months for using in the study 
activities of our laboratory. Fish were fed on commercial pellet feed and were not faced with any 
infectious diseases during the growing and experimental periods. 
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4. 2. 3. Experiment 1. Observation of bacterial multiplication and progression of disease in 
experimentally injected flounder 
4. 2. 3. 1. Experimental injection 
The experiment was carried out in different batches for each S. iniae strains. Flounder (average weight 
was as follows: 118±14 g and 148±24 g for the experiments with S. iniae NUF631 and NUF815, 
respectively) were divided into groups of 30 fish and each group was stocked in a 200-1 tank one day 
before the start of the experiment. Continuously, tanks were aerated by air stones, and water was 
supplied and siphoned. Fish were received no food during the experiment. 
S. iniae strains were cultured on Todd-Hewitt (TH) agar plates at 28°C, harvested after 18 h of 
incubation by washing off the plates with sterile 0.1 M phosphate-buffered saline (PBS), pH 7.2, to make 
bacterial suspensions. Viable count of the bacterial suspensions used for oral challenges was confirmed 
by TH agar plate count (duplicate). The bacterial suspensions used for bath challenges were directly 
poured to tanks holding fish and viable count of the bacterium in the water was confirmed by T AOA agar 
plate count (duplicate). Water temperature ranged within 25.1-26.3 °C during the experimental period. 
Oral challenge: Commercial pellet feed was ground thoroughly by a grinder. The ground feed was 
mixed with appropriate volumes of bacterial suspensions at a ratio of 1 wt: 2.5v to produce injectable 
slurries. Fish were anestlletized with a concentration of tricaine methane sulfonate in water. Each fish 
received the corresponding slurry at a volume of 2 % body weight by intubation. Intubation was 
performed with a 10-ml syringe attached with a plastic catheter that was inserted to the stomach of each 
fish (Fig. 4. 1). Infectious doses used to infect fish were 2.0x108 and 2.0x109 CFU/IOO g fish weight for 
S. iniae NUF631, and 1.9xl08 and 1.9xl09 CFU/100 g fish weight for S. iniae NUF815. 
Bath challenge: The water in tanks was drained until the remaining was 10 I and then the bacterial 
suspensions were poured in. Fish were exposed to the bacterium for 30 min (Fig. 4. 2). After exposing 
time, the tanks were filled in with water to reach the initial water level for 30 min, and then siphoned 
55 
again. Infectious doses used to infect fish were 7.2x106 and 7.2x107 CFU/ml for S. iniae NUF631, and 
1.6x107 and 1.6xl08 CFU/ml for S. iniae NUF815. 
Four fish were sampled randomly from each tank at five time points (6 and 24 h, and 3,6 and 9 d) after 
challenge. Two out of four fish were used for counting viable bacteria and two others were subjected to 
immunohistochemical and electron microscopic examinations for observing the evidence of bacterial 
infection and progression of the disease. 
Moribund and dead fish were taken off daily and observed for clinical signs, and their brain and kidney 
were cultured on TIl agar to confirm to be infected with S. iniae. Surviving fish at the end of the 
experiments (9 d after challenge) were also subjected to the examination in the same way as moribund 
and dead fish. 
4. 2. 3. 2. Viable count ofS. iniae in tissue samples 
A small amount or volume of tlle blood, brain, kidney, spleen, liver, stomach, intestine, gill and skin 
mucus were ground by a glass homogenizer or vortexed with 9 volumes of PBS to make suspensions 
from that serial tenfold dilutions were made. One hundred microliter of each dilution of the blood, brain, 
kidney, spleen and liver was plated on TIl agar, and of the stomach, intestine, gill and mucus was plated 
on T AOAB agar. Sample of nares was taken by a swab and the nasal swab was streaked on T AOAB 
agar. Inoculated plates were incubated at 28 DC for 72 h. Colonies suspected to be colonies of S. iniae on 
countable plates were count, and among these several colonies were subcultured on TIl agar and 
subjected to agglutination tests with rabbit anti-s. iniae NUF631 or NUF815 serunl to confirm S. iniae. 
4.2.3.3. Immunohistochemical detection ofS. iniae in tissue samples 
Samples of the brain, kidney, spleen, liver, stomach, intestine, gill, eye, nares, and hemorrhagic fillS 
were processed according to the descriptions in the chapter 3. 
4. 2. 3. 4. Transmission electron microscopic observation 
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Representative samples of the kidney, spleen and liver of fish in the challenge groups were fixed with a 
mixture of 2 % paraformaldehyde and 2.5 % glutaraldehyde in 0.1 M sodium cacodylate buffer, pH 7.4, 
postfixed in 2 % osmium tetroxide in the cacodylate buffer and embedded in Spurr's resin. Ultrathin 
sections (25-40 nm in thickness) were cut on a Leica Ultra Cut Uct microtome, stained with uranyl 
acetate and lead citrate, and then examined with a JEOL JEM-IOOS transmission electron microscope at 
80kV. 
4. 2. 4. Experiment 2. Experimental infection with a wide range of infectious doses ofS. iniae strains 
The experiment was carried out in different batches for each S. iniae strain and with low, medium and 
high infectious doses as described below. Flounder (average weight 101±16 g and 139±16 g for the 
experiments with S. iniae NUF631 and NUF815, respectively) were divided into challenge groups of 20 
fish, each in a 200-1 tank, and control groups offive fish, each in a 30-1 tank (Fig. 4. 3). The experimental 
infection was carried out and monitored as described in experiment 1. Water temperature ranged within 
24.9-25.9 °C and 22.8-24.9 °C during the periods of the experiment with S. iniae NUF631 and NUF815, 
respectively. The experiment was ended at 14 d after challenge. 
Oral challenge: Infectious doses were 9.9x103, 9.9xl05 and 9.9x107 CFU/IOO g fish weight for S. iniae 
NUF631, and 2.6xl04, 2.6x106 and 2.6xl08 CFU/IOO g fish weight for S. iniae NUF815. The fish in 
control groups received the luxury made with the ground feed and PBS only. 
Bath challenge: Infectious doses were 2.9xl03, 2.9x105 and 2.9x107 CFU/ml for S. iniae NUF631, and 
4.4x103, 4.4xl05 and 4.4xl07 CFU/ml for S. iniae NUF815. No bacteria were poured into tanks of 
control groups. 
4. 3. Results 
4. 3. 1. Gross examination of moribund and deadfish in experiment 1 and 2 
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Gross lesions observed in dead fish were common in fish challenged by either S. iniae strains and 
challenge methods. Gross examinations of the early deaths of fish after challenge showed small 
hemorrhagic spots on the fins (Fig. 4. 4), particularly the dorsal and pectoral fillS, and, less frequently, on 
the skin (Fig. 4. 5). Internally, mild swelling of the liver, spleen and kidney was observed. For those of 
the later deaths, gross lesions were more obviously observed. Severe hemorrhages of the fillS extending 
to the proximal margins adjacent to the body or the muscle were seen in many fish (Figs. 4.6 and 4. 7). 
Hemorrhagic spots on the skin were larger in size but exfoliation or erosion was not present. Congestion 
of the liver (Figs. 4. 8 and 4. 9), spleen and kidney (Fig. 4. 10) resulting in severe swelling and darkness 
in color of these organs were observed, while the gills were pale. Some moribund and dead fish 
monitored at the near end days of the experimental periods showed ocular abnormalities (clouding of 
cornea or internal hemorrhagic exophthalmia (Fig. 4. 11», hemorrhages of the gills (Fig. 4. 12), inner 
surface of tlle opercucle (Fig. 4. 13) and abdominal wall (Fig. 4. 14), and acites resulting in abdominal 
swelling (Fig. 4. 15). The liver, spleen and kidney of these fish were swollen but pale in color (Figs. 4. 16 
and 4. 17). Gastric and intestinal lesions were not observed in any moribund and dead fish. 
4. 3. 2. Experiment 1. Observation of the bacterial multiplication and progression of disease in 
experimentally challenged flounder 
4. 3. 2. 1. Death offish in the challenge groups during the experiment 
Fish in the S. iniae NUF815 bath challenge groups died earlier (tinle period between 6 and 24 h) tl1all 
fish in the other challenge groups (time period between 24 h and 3 d). The peak of deaths occurred at the 
time period between 6 and 24 h in the S. iniae NUF815 bath challenge group with dose of 1.6x 108 CFU/ 
mI, between 24 h and 3d in the other S. iniae NUF815 challenge groups and between 3 and 6 d in the S. 
iniae NUF631 challenge groups (fable 4. 1). S. iniae NUF631 or NUF815 was recovered from both 
brain and kidney of moribund and dead fish in the corresponding challenge groups. In the S. iniae 
NUF631 oral challenge group with dose of 2.0xl08 CFU/lOO g there remained two fish at the end of the 
experiment. Bacterial cultures from the brain and kidney of these two fish were negative for S. iniae 
NUF631, and disease signs were not observed. 
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4. 3. 2. 2. Viable counts ofS. iniae in tissues of sampled fish at time points 
Viable counts of S. iniae NUF631 and 815 in tissues of sampled fish are shown in Tables 4. 2 and 4. 3, 
and 4. 4 and 4. 5, respectively. S. iniae was detected first in relatively high numbers in the kidney and 
spleen, but low in the blood, brain, liver and gill at 6 h in the bath challenge groups and at 24 h in the oral 
challenge groups except for the S. iniae NUF631 oral challenge group with dose of 2.0x 108 CFU/IOO g, 
in which it was at 3 d. The viable counts in the blood, brain, liver and gill were high only when those in 
the kidney and spleen were high. All the fish in the bath challenge groups sampled at every time points 
were infected with the corresponding S. iniae strain. On the other hand, many sampled fish in the oral 
challenge groups with infectious doses of 2.0xl08 and 1.9xl08 CFU/IOO g for S. iniae NUF631 and 
NUF815, respectively, even with the higher infectious dose in the case of S. iniae NUF631, were devoid 
of the bacterium in the blood and visceral organs tested. The intestines of fish examined at 6 h in the oral 
challenge groups still contained intubated food and the viable counts were high, while the stomachs of 
these fish were empty and the viable counts were low. 
4. 3. 2. 3. Immunohistochemical detection of S. iniae antigen in tissues of sampled fish at time points 
Results of detection of S. iniae antigen in tissues of sampled fish in the challenge groups of S. iniae 
NUF631 and NUF815 are shown in Tables 4. 6 and 4.7, and 4.8 and 4.9, respectively. S. iniae antigen 
could be detected first in the organs of sampled fish at 24 h in the bath challenge groups and the S. iniae 
NUF815 oral challenge group with dose of 1.9 xl 09 CFU/IOO g, and at 3 or 6 d in the other oral challenge 
groups. The kidney and spleen were the organs in which S. iniae antigen was detected earliest and their 
detection grades were higher than those of the other organs. S. iniae antigen was not detected in the 
gastric and intestinal sections from fish in the oral challenge groups sampled at 6 h. 
4. 3. 2. 4. Status of s. iniae in the organs 
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A few bacteria-laden phagocytic cells were occasionally observed in the lumen of the blood vessels of 
low grade detected sections. Sections of intense grade showed infiltration of profuse bacteria-laden 
phagocytic cells throughout or in parenchymal tissues surrounding the blood vessels. These findings 
were common in the sections of the organs of fish challenged by either S. iniae strains and challenge 
methods. Observations of S. iniae infection in different organs were described below. 
Kidney: S. iniae antigen was observed in the interstitial tissues surrounding renal tubules but not in the 
epithelial cells of the tubules at the initiation of infection (Fig. 4. 18). Sections of extensively infected 
kidney showed S. iniae antigen expanded in glomeruli and melanomacrophage centers and wider in the 
interstitial tissues (Fig. 4. 19). Bacteria-laden phagocytic cells were seen in the small blood vessels 
adjacent to the renal tubules (Fig. 4. 20) and in sections showing the wider expansion of the bacterium 
most phagocytic cells were necrotic and the surrounding interstitial tissues were destructive (Fig. 4. 21). 
High magnification views of the kidney sections of some severely infected fish showed the appearance of 
S. iniae antigen in the lumen and mucosal epithelium of the renal tubules and ureter (Figs. 4. 22 and 4. 
23). Electron microscopic examination often revealed that the bacteria were phagocytized by 
macrophages (Fig. 4.24). 
Spleen: TIle first observable site of S. iniae antigen was ellipsoids (Fig.4. 25). In severely infected 
spleen, it could be seen throughout the splenic stroma (Fig. 4. 26). High magnification views of low 
grade detected sections showed some bacterial cells engulfed by phagocytic cells in the ellipsoid (Fig. 4. 
27). In high grade detected sections the destruction of most the ellipsoids due to extensive bacterial 
multiplication was observed (Fig. 4.28). 
Stomach and intestine: S. iniae antigen could be initially detected in the submucosa, the connecting 
sites between submucosa and muscularis layers, between muscularis layers themselves and less often in 
the lalllina propria but not in the mucosal epithelium (Figs. 4. 29 and 4. 30). High magnification views 
showed bacteria-laden phagocytic cells in the Imnen of the blood vessels distributing in the tissues (Figs. 
4. 31 and 4. 32). Sections of extensively infected organs showed S. iniae antigen expanded throughout the 
wall of the stomach and intestine (Figs. 4. 33 and 4. 34). Observation of intestinal sections of some 
severely infected fish revealed S. iniae invaded in the mucosal epithelimn and the destruction of the 
epithelial cells resulted in the occurrence of S. iniae antigen in the intestinal lumen (Figs. 4. 35 and 4.36). 
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Liver: bacteria-laden phagocytic cells were initially detectable in the lumen of sinusoids of hepatic 
parenchyma (Figs. 4. 37 and 4. 38). Liver sections of severely infected fish showed the expansion of S. 
iniae in the parenchyma surrounding the sinusoids (Fig. 4. 39). 
Heart: S. iniae antigen could be observed in the epicardium and myocardium (Fig. 4. 40) at different 
detecting grades. High magnification views showed bacteria-laden phagocytic cells in the epicardium and 
in the vascular system of the myocardium (Figs. 4. 41 and 4.42). 
Brain: S. iniae antigen was detectable in the meninges and ventricles (Figs. 4. 43 and 4. 44). 
Phagocytic cells with profusely multiplied bacteria inside were seen in the meninges (Fig. 4. 45). 
Gills: In the initiation of infection S. iniae antigen could be seen mostly in the first lamella (Fig 4. 46). 
In extensively infected gill sections S. iniae antigen was more frequently detected in the secondary 
lamella (Fig. 4. 47). High magnification views showed bacteria-laden phagocytic cells in the lumen ofthe 
blood vessels in the lamellas (Fig. 4. 48) 
Eyeball: The choroid in the posterior wall of the eyeball was the site in which S. inae antigen was often 
detected and inside of it bacteria-laden phagocytic cells were observed (Figs. 4. 49 and 4. 50). Sections of 
severely infected eyes showed a large amount of S. iniae antigen in the ocular cavity (Fig. 4. 51). 
Infiltration of bacteria-laden phacgocytic cells was sometimes observed in the cornea (Fig 4. 52). 
Olfactory pouches of nares: S. iniae antigen was detected in the olfactory lamina propria and skin flap 
at different grades but not in the epithelial cells of these tissues (Figs. 4. 53 and 4.54). 
Hemorrhagic fins: Massive amount of S. iniae antigen was found in the addition of the accumulation of 
blood cells (Figs. 4. 55 and 4. 56). High magnification views showed bacteria multiplied extracellularly 
and extensively resulting necrosis of the dermal tissue (Fig. 4. 57). Bacteria-laden phagocytic cells were 
observed in the lumen of the blood vessels in the hemorrhagic fins (Fig. 4. 58). 
4. 3. 3. Experiment 2. Experimental injection with a wide range of infectious doses ofS. iniae strains 
Changes in number of surviving fish in the challenge groups with S. iniae NUF631 and NUF815 are 
shown in Figs. 4. 59 and 4. 60, respectively. No deaths were observed in the control groups and the oral 
challenge groups with low and medium infectious doses of both S. iniae strains. The deaths began at 2 d 
after challenge and the majority of deaths occurred from 2 to 7 d, except that the deaths of the S. iniae 
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NUF631 bath challenge group with low infectious dose began at 6 d. S. inae NUF631 or NUF815 was 
recovered from both brain and kidney of moribund and dead fish in the corresponding challenge groups. 
Mortality at the end of the experiments was 100 %, 75 % and 7.5 %, and 95 %, 60 % and 60 % for high, 
medium and low infectious dose in the S. iniae NUF631 and NUF815 bath challenge groups, and 50 %, 0 
% and 0 %, and 50 %, 0 % and 0 % for high, medium and low infectious dose in the S. iniae NUF631 
and NUF815 oral challenge groups, respectively. Mortality patterns of the S. iniae NUF815 challenge 
groups were more acute than those of the S. iniae NUF631 challenge groups when comparing at the same 
challenge method and equal dose. 
Recovery of corresponding S. iniae from the brain and kidney of surviving fish are seen in Table 4. 
10. Recovery rates of the S. iniae NUF815 challenge groups were higher than those of the S. iniae 
NUF631 challenge groups, especially in bath challenge groups. S. iniae was recovered from both brain 
and kidney in the majority of infected fish, but in several fish the brain was more severely infected than 
the kidney. The common disease signs such as enlargement and pale color of the liver, kidney and spleen 
were observed in most infected fish. No symptoms were observed in surviving fish negative in the 
recovery of S. iniae. 
4. 4. Discussion 
Symptoms of disease have been reported in natural or experimental S. iniae infections of various fish 
species. Eldar et al. (1999) suggested that difference in fish species and variations in environmental 
conditions might be responsible for the difference in pathological lesions. Moreover, symptoms may vary 
according to natural or experimental infection and among experimental methods (Evans et al., 2000). 
In this stndy, symptoms of experimentally infected flounder of both experiment I and 2 varied with 
the time after challenge and the infectious doses but not with the methods used to challenge fish. Gross 
examinations of early deaths, usually the deaths in the challenge groups with high infectious doses, 
showed only small hemorrhagic lesions on the fins and skin and mild swellings of the liver, kidney and 
spleen. These deaths could be considered due to peracute infection and were probably caused by high 
numbers of bacteria invaded fish. Peracute form of S. iniae infection was characterized by a sudden death 
offish and diagnosis was only possible by isolating S. iniae from infected organs (Eldar et al., 1995). On 
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the other hand disease signs such as ocular abnonnalities, acHes and congestion of the visceral organs 
observed in fish died later were the typical signs of disease observed in naturally infected fish described 
in the chapter 3. 
In e}.1Jeriment 1, although four fish were sampled at each time point for detecting S. iniae, the 
mortality in the S. iniae NUF815 challenge groups were higher than those in the S. iniae NUF631 
challenge groups compared at the same challenge method and the equal challenge doses. In experiment 2, 
soon after challenge, between 2 d and 3 d, numbers of deaths observed in the S. iniae NUF815 challenge 
groups were prominent in comparison with those in the S. iniae NUF631 challenge groups. These results 
indicate that S. inae NUF815 is more virulent than S. iniae NUF613. Yoshida et a1. (1996) studied 
mucoid strains of p-hemolytic Streptococcus spp. (known as S. iniae) and revealed that they possessed a 
capsule, which consists of hyaluronic acid", and that they were more virulent than the non-capsulated 
variant strains produced by subculturing the mucoid strains. 
In experiment 1, S. iniae infection was followed in different organs at various time points after 
introducing the bacterium to fish through oral and bath challenge methods. The result that bacteria-laden 
phagocytic cells were observed in the lumen of the blood vessels distributing in the tissues and organs 
examined at the initiation of infection implies that S. iniae spreads to infect these tissues and organs by 
the hematogenous route. It should be noted that infectious doses employed in tIllS experiment were fairly 
high so that the process of infection might progress faster in some tissues and organs, slower or still not 
occurred in others at the time of examination comparing with those observed in naturally infected fish. 
Profuse bacteria-laden phagocytic cells infiltrated the stomach and intestine while only a few in the 
cornea were observed in some experimentally infected fish. These findings differed from naturally 
infected fish described in the chapter 3, where the extensive infection in the cornea and the presence of 
only some bacterial-laden phagocytic cells in the blood vessels distributing in the stomach and the 
intestine were observed. Miyazaki et al. (1984) reported that tIle cornea of naturally infected tilapia was 
invaded by bacteria and infiltrated by bacteria-laden macrophages . 
• Kanai, K., Yamashita, N., Nguyen, H, T., Kalo, T., Haraguchi, Y., Yoshikoshi, K. A capsule of 
Streptococcus iniae isolated from Japanese flounder. Abstracts of the annual meeting of the Japanese 
Society ofFish Pathology, 1999.3. 
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In the oral challenge groups of experiment 1. a large number of S. iniae NUF613 and NUF815 
introduced to fish was detected in the intestine at 6 h after challenge, but the immunohistochemical 
examinations revealed that no S. iniae antigen was detectable in the mucosal epithelium of the gastric 
folds and intestinal bulbs. On the other hand, among the organs tested, the spleen and kidney were the 
first detectable sites of S. iniae infection. The occurrence of S. iniae in the tissues of the stomach and 
intestine was only evident after the spleen and kidney were infected extensively. Additionally. the 
infection in the stomach and intestine were initiated by the infiltration of bacteria-laden phagocytic cells 
from the blood. These results implicate the stomach and intestine are the secondary rather than the 
primary sites of infection. 
Similarly, immunohistochemical examinations of the gill, eyes, olfactory pouches of sampled fish in 
the oral as well as bath challenge groups showed that the occurrence of S. iniae in these organs was only 
evident when the spleen and kidney were severely infected. Thus, the gill, eye and olfactory pouches of 
nares could be considered as the secondary sites rather than the starting sites of S. iniae infection. Only in 
the hemorrhagic fins a great amount of S. iniae antigen was detected simultaneously with the initiation of 
infection in the spleen and kidney. 
Streptococcosis caused by S. iniae has been described as a septicemic disease because of the isolation 
of the causative bacterium in the blood and various organs (Eldar et al., 1994; Perera et al., 1994; Perera 
et aI., 1998). It was observed that S. iniae freely multiplied in the hemorrhagic fms. 
Immunohistochemical observation of the distribution of S. iniae in the spleen and kidney at the initiation 
of infection showed that the bacterium predominantly infected the interstitial tissue of the kidney and the 
ellipsoids in the spleen, where resident macrophages exist. It is supposed part of S. iniae cells multiplied 
in the hemorrhagic fins may contact with phagocytic cells infiltrated from the blood. Bacteria and 
bacteria-laden phagocytic cells enter the blood vessels and pass through the spleen and kidney where the 
bacteria are taken by resident macrophages. After the multiplication in the kidney and spleen, the bacteria 
or bacteria-laden macrophages enter the blood vessels again and distribute tlle other organs resulting in 
systematic infection. Occurrence of the bacteria-laden phagocytic cells in the capillary vessels of various 
organs in the early stage of the disease support this supposition. 
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Occurrence of S. iniae in the lumen of the ureter and intestine was evident in the advanced stage of the 
disease. It is thought that dissemination of S. iniae to water from such fish may be responsible for the 
spread of disease in a fish population. 
In experiment 2, oral challenges with low and medium infectious doses of both S. iniae strains were 
not lethal. Although the oral challenge was reported to cause S. iniae infection, but the capability of S. 
iniae to enter through the mucosal epithelium of the stomach and/or intestine has not been proved (perera 
et al., 1997). Deaths in the oral challenge groups employed with high infectious doses of both S. iniae 
strains may due to the infection of S. iniae excreted to the tank along with feces, because hemorrhagic 
lesions on the fins of dead fish were observed as bath~cha11enged fish and relative low number of viable 
cells was enough to cause disease in the bath challenge groups. 
In the bath challenge experiment, deaths were induced even at the lowest infectious doses. This result 
implies even though fish may ingest S. iniae~contaiuing water it is unlikely to occur the oral route of 
infection. This result also highlights the dangers of water-borne infection in practical culture of flounder. 
It has been suggested that transmission of streptococcosis from fish to fish could occur via direct contact 
and abrasion (Shoemaker et al., 2000). 
The absence of evidences that S. iniae entered through the mucosal epithelliun of the stomach and 
intestine could not support the notion that the oral route of infection had occurred in the experimental fish 
of this study. Basing on the pathological and immunohistochemical examinations of hemorrhagic lesions 
on the fins, it was strongly indicated that S. iniae entered through the body surface such as abrasive sites 
of fins to cause the disease. 
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Fig. 4. 1. Intubation of experimental fish in an oral challenge group. Fish is receiving a luxury of food 
(photograph at the top). 
Fig. 4. 2. Fish in a bath challenge group being exposed to S. iniae (photograph at the bonom). 
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Fig. 4. 3. Photograph showing the setting of experiment 2. Fish of challenge group arc in 200-1 tanks 
(large tank) and fish of control group are in a 30-1 tank (small lank). 
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Fig. 4. 4. Small hemorrhagic lesion on the anal fin (arrow) (photograph at the top) and pectoral fin 
(arrowhead) (photograph at the bottom), Scale = nun. 
68 
nIljlIIjlllllllJiIlBilIJlllftllllllllUlquIIPfllllI~IIIIIIIIIIIII~lInIOIlIIlWllillllllllllijllllllllll 
o I 2 3 , 5 6 1 a 9 10 II Ii 
Fig. 4. 5. Hemorrhagic spots (arrowheads) on the skin. Scale = mm. 
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Fig. 4. 6. Severe hemorrhagic lesion on the dorsal fin (arrow) extending to the proximal margin
(photograph at the top). Scale = mm.
Fig. 4. 7. Severe hemorrhagic lesion on the pectoral fin (arrowhead) (photograph at the bottom). Scale =
mm.
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Fig. 4. 8. Enlargement of the liver and pale gill of an infected fish (bottom) in comparison with the
normal liver and gill of a healthy fish (top) (photograph at the top). Scale = mID.
Fig. 4. 9. Severe congestion of the liver (photograph at the bottom). Scale = mID.
71
• 
J • , 
MI.... ...... 1. •. , _I " I  IJ o 0' , " • , 
                   
nn li   i     lO     , 1   81m  
          b     m  
 
Fig. 4. 10. Congestion of the spleen (arrow) and kidney (arrowheads) of an infected fish (photograph at 
the bottom) in comparison with the nonna! spleen (arrow) and kidney (arrowheads) of a healthy fish 
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Fig. 4. 11. Ocular abnormalities of fish including clouding of the cornea (arrow) (photograph at the top) 
or internal hemorrhagic exophthalmia (arrow) (photograph at the bottom). Sca1e '" nun. 
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Fig. 4. 12. Hemorrhagic gills. Arrows show hemorrllagic portions (photograph at tIle top). Scale = nun. 
Fig. 4. 13. Hemorrhage in inner surface of the opercle (photograph at the bottom). Arrows show 
henunorrllagic spots. Scale = nun. 
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Fig. 4. 14. Hemorrhage in inner surface of the abdominal wall (photograph at the top). Arrows show 
hemorrhagic spots. Scale"" rom. 
Fig. 4. 15. AcHes resulting in abdominal swelling (arrowhead) (photogmph at the bottom). 
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Fig. 4. 16. Pale and swollen liver (asterisk) of an infected fish (photograph at the top). Scale = mm. 
Fig. 4. 17. Pale and swollen spleen (arrow) and kidney (arrowlleads) of tile same infected fish seen in Fig. 
4. 16 (photograph at the bottom). Scale = mm. 
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Fig. 4. 18. Kidney section ofa fish in as. iniae NUF815-bath challenge group at 6 It showing initiation of 
infection. S. iniae invades the interstitial tissue surrounding the renal tubules (photograph at the top). 
Abbreviations: it, interstitial tissue; m, meIanomacrophage center. Arrows show the renal tubules. x200. 
Fig. 4. 19. Kidney section of a fish in a S. iniae NUF815-bath challenge group at 24 h showing the 
expansion of S. iniae in the interstitial tissue surrounding the rena] tubules (phologmph at the bottom). 





Fig. 4. 20. Kidney section of a fish in a S. iniae NUF815-hath challenge group at 24 h. A high 
magnification view shows bacteria-laden phagocytic cells in the small blood vessels adjacent to the renal 
tubules (photograph at tlle top). Abbreviation: It. renal tubule. Arrows show bacteria-laden phagocytic 
cells. Asterisks show lumen of the blood vessels. )( 1600. 
Fig. 4. 21. Kidney section of a fish in a S. iniae NUF631-bath challenge group at 3 d. A lugb 
magnification view shows the destruction of the interstitial tissue surrounding the renal tubules due to tlle 
multiplication of S. iniae (photograph at the bottom). Abbreviations: it, interstitial tissue; rt, renal tubule. 
Large arrows show bacteria-laden phagocytic cells. Small arrows show necrotic interstitial tissue. 









Fig. 4. 22. Kidney section of a fish in a S. iniae NUF63 1-oral challenge group at 9 d showing extensive 
infection. S. iniae expands throughout the interstitial tissue and invades the melanomacrophage centers 
and lamina propria of the ureter (photograph at the top). Abbreviations: it, interstitial tissue; Lp, lamina 
propria of the ureter; m, mclanomacrophage center. Arrowheads show positive signals of S. iniae antigen 
in the lamina propria of the ureter. x200. 
Fig. 4. 23. A higher magnification view of epithelial cells of ureter showing invasion of S. iniae into the 
mucosal epithelium and lumen of the ureter (photograph at the bottom). Abbreviation: Ec, epithelial cells 
oflhe ureter, I, lumen of the ureter. Arrowheads show S. iniae cells. )( 1000. 
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Fig. 4. 24. Electron microscope photograph showing a bacteria-laden macrophage. Abbreviation: Nu, 
nucleus. Arrowheads show S. iniae cells. x13,OOO. 
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Fig. 4. 25. Spleen section of a fish in a S. iniae NUF815-oral challenge group at 24 h showing initiation
of infection. S. iniae antigen is mainly detected in the ellipsoids (photograph at the top). Abbreviations: e,
ellipsoid; sc, splenic cord. x400.
Fig. 4. 26. Spleen section of a fish in S. iniae NUF815-oral challenge group at 3 d showing extensive
infection (photograph at the top). S. iniae is detected throughout the splenic tissues. Abbreviations: m,
melanomacrophage center; sc, splenic cord. xl00.
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Fig. 4. 27. An ellipsoid in the section described in Fig. 4. 25. Some bacterial cells are engulfed by 
phagocytic cells. Arrows show bacteria-laden phagocytic cells. x 1000. 
Fig. 4. 28. An ellipsoid of the spleen of an infected fish in as. iniae NUF631-bath challenge group. A 
high magnification view shows the destruction of the ellipsoid due to the extensive multiplication of S. 
iniae (photograph at the bottom). Arrows show destructive portions with a massive number of S. ;lfiae 
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Fig. 4. 29. Stomach cross section of a fish in a S. iniae NUF631 wbath challenge group at 24 It showing the 
initiation of infection. S. iniae antigen is seen in the lamina propria nested the gastric glands, stratum 
compactwn and muscular layer but Ilot in the mucosal epithelium (photograph at the top). Abbreviations: 
Gg, gastric gland; M, muscular layer. Arrowheads show positive signals of S. iniae antigen. x 100. 
Fig. 4. 30. Intestine cross section of a fish in a S. iniae NUF631 wbath challenge group at 24 h showing the 
initiation of infection. S. iniae antigen is seen in the muscularis, submucosa, and lamina propria but not ill 
the mucosal epithelium (photograph at the top). Abbreviations: Lp, lamina propria of intestinal bulb; M, 
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Fig. 4. 31. A high magnification view of the stomach section shown in Fig. 4. 29. Bacteria-laden 
phagocytic cells are seen in lumen of the blood vessels in the muscularis and lamina propria (photograph 
at the top). Abbreviations: Gg, gastric gland; M, muscular layer. Arrows show bacteria-laden phagocytic 
cells. Asterisks show lumen of the blood vessels. )(1000. 
Fig. 4. 32. A high magnification view of the intestine section shown in Fig. 4. 30. Bacteria-laden 
phagocytic cells are seen in the blood vessels in the lamina propria (photograph at the bottom). 
Abbreviations: Me, mucosal epithelium; Lp, lamina propria Arrows show bacteria-laden phagocytic 
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Fig. 4. 33. Stomach cross section of a fish in a S iniae NUF631-bath challenge group at 3 d showing the 
extensive infection (photograph at the bottom). Abbreviations: Gg, gastric gland; M. muscu1ar layer, 
xloo. 
Fig. 4. 34. Intestine cross section of a fish in a S. iniae NUF63 I-bath challenge group at 3 d showing the 
extensive infection (photograph at the bottom). Abbreviations: Lp, lamina propria; M, muscular layer; S, 
submucosa. x 100. 
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Fig. 4. 35. Intestinal bulb section of a fish in a S. iniae-oral challenge group at 9 d showing the occurrence 
of S. iniae in the mucosal epithelium and intestinal lumen (photograph at the top). Abbreviation: IL, 
intestinal lumen. Arrowheads show positive signals of S. iniae antigen. Asterisks show lamina propria. 
)(200. 
Fig. 4. 36. A higher magnification of the mucosal epithelium showing the destruction of the epithelial 
cells reswting in the occurrence of S. iniae in the intestinal lumen (photograph at the bottom). 
Abbreviation: Ec, epithelial cell. Asterisks show destructive epithelial cells. )( 1000. 
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Fig. 4. 37. Liver section of a fish in a S. iniae NUF631-bath challenge group at 24 h showing the
initiation of infection. S. iniae is in the lumen of the small veins and sinusoids (photograph at the top).
Arrowheads show small the veins and sinusoids. x200.
Fig. 4. 38. A higher magnification of a sinusoid showing bacteria-laden phagocytic cells (photograph at
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Fig. 4. 39. Liver section of a fish in a S. iniae NUF631-oral challenge group at 9 d showing the extensive 
infection. S. iniae expands wider on the parenchyma surrowuiing the smusoids (arrowheads). x200. 
88 
Fig. 4. 40. Heart section of a fish in as. iniae NUF631-bath challenge group at 6 d showing the extensive
infection in the epicardium and myocardium. Abbreviations: E, epicardium; M, myocardium. x200.
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Fig. 4. 41. Epicardium of a fish in as. iniae NUF815-oral challenge group at 6 d. A high magnification
view shows the multiplication of S. iniae inside phagocytic cells (photograph at the top). Abbreviations:
E, epicardium; M, myocardium. Arrows show bacteria-laden phagocytic cells. x1000.
Fig. 4. 42. Myocardium of the fish described in the above figure. A high magnification view shows
bacteria-laden phagocytic cells in the vascular system of the myocardium (photograph at the bottom).
Abbreviation: M, myocardium. Arrows show bacteria-laden phagocytic cells. Asterisk shows lumen of
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Fig. 4.43. Brain section of a fish in a S. iniae NUF815-oral challenge group at 3 d showing the initiation
of infection in the meninges (photograph at the top). Abbreviation: V, ventricle. Arrowheads show the
meninge. x40.
Fig. 4. 44. Brain section of a fish in a S. iniae NUF631-oral challenge group at 6 d showing the extensive
infection in the meninges and ventricles (photograph at the bottom). Abbreviation: V, ventricle.
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Fig. 4. 45. A high magnification view of the meninge of a fish in a S. iniae NUF631-oral challenge group
at 6 d. S. iniae multiplies inside phagocytic cells. Abbreviations: m, meninge~ n, neuropil. Arrows show
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Fig. 4. 46. Gill section of a fish in a S. iniae NUF631-bath challenge group at 24 h showing the initiation
of infection (photograph at the top). Abbreviation: PI, primary lamella. Arrows show positive signals of
S. iniae antigen. Arrowheads show secondary lamella. x200.
Fig. 4. 47. Gill section of a fish in as. iniae NUF631-oral challenge group at 6 d showing the extensive
infection with the extend of S. iniae in the secondary lamella (photograph at the bottom). Abbreviation:
PI, primary lamella. Arrowheads show secondary lamella. x200.
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Fig. 4.48. Gill section of a fish in as. iniae NUF815-bath challenge group at 24 h. A high magnification
view shows bacteria-laden phagocytic cells in lumen of the blood vessels in the primary and secondary
lamella. Abbreviation: PI, primary lamella. Arrows and small arrowheads show bacteria-laden phagocytic
cells and lumen of small blood vessels, respectively. Large arrowheads show secondary lamella. x1000.
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Fig. 4. 49. Posterior wall of the eyeball of a fish in a S. iniae NUF631-bath challenge group at 3 d.
Initiation of infection in the eyeball is characterized by the invasion of S. iniae into the choroid
(photograph at the top). Abbreviations: c, choroid; oc, ocular cavity; on, optic nerve; r, retina. Arrows
show positive signals of S. iniae antigen. x80.
Fig. 4. 50. A high magnification view of the choroid of the section described above showing the
infiltration of phagocytic cells and the multiplication of S. iniae inside these cells (photograph at the
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Fig. 4. 51. Posterior wall of the eyeball of a fish in a S. iniae NUF631-oral challenge group at 3 d. S. iniae
antigen is abundantly detected in the choroid and ocular cavity (photograph at the top). Abbreviations: c,
choroid; oc, ocular cavity; on, optic nerve; r, retina. x80.
Fig. 4. 52. Cornea of the eyeball of a fish in a S. iniae NUF815-bath challenge group at 3 d. A high
magnification view shows the multiplication of S. iniae inside a necrotic phagocytic cell (photograph at
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Fig. 4. 53. Olfactory pouch section of a fish in a Siniae NUF815-bath challenge group at 24 h showing
the initiation of infection. S. iniae is de!ected in the lamina propria of the olfactory pouches and the skin
flap but not in the epithelial cells of these tissues (photograph at the top). Abbreviations: op, olfactory
pouch; sf, skin flap. Arrowheads show positive signals of S iniae antigen. x40.
Fig. 4. 54. Olfactory pouch section of a fish in as iniae NUF815-bath challenge group at 3 d showing
the extensive infection without the accwnulation of the inflammatory blood cells (photograph at the
bottom). Abbreviations: op, olfactory pouch; sf, skin flap. Arrowheads show positive signals of S iniae
antigen. x40.
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Fig. 4.55. Longitudinal section of a hemorrhagic fin of a fish in as. iniae NUF815-bath challenge group
at 24 h. S. iniae is abundantly detected in the dermal tissue adjacent to the bony girdle (photograph at the
top). Abbreviations: bg, bony girdle; d, dermis. x40.
:Brig. 4. 56. Adjacent skin of a hemorrhagic fin of a fish in a S. iniae NUF631-bath challenge group. The
accumulation ofblood cells and a massive amount ofS. iniae antigen are seen (photograph at the bottom).
Abbreviations: e, epidermis; d, dermis; m, melanophore. Large arrows show positive signals of S. iniae
antigen. Small arrows show blood cells. x200.
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Fig. 4. 57. A high magnification view of the section described in Fig. 4. 55. A massive number of
extracellular S. iniae cells and necrosis of the dermal tissue is seen. Abbreviations: e, epidermis; d,
dermis; m, melanophore. Arrows show necrotic cells. x 1000.
Fig~ 4. 58. A high magnifi~ation view of another area of the section described in Fig. 4. 55. Bacteria-
laden phagocytic cells and S. iniae cells are seen in lumen of the blood vessel. Abbreviations: e,
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Chapter 5. General discussion - Conclusions 
In this study infection mechanism of Streptococcus iniae in Japanese flounder has been studied from 
the ecological view point. The seasonal appearance and prevalence of S. iniae in the cultural environment 
and flounder population were investigated for two consecutive years in a flounder farm. To investigate 
the infection route and the course of disease in flounder, the appearance and distribution of the bacterium 
in experimentally infected fish were followed up along with the appearance of disease signs, and were 
compared with those of naturally infected fish. 
5. 1. Development of selective media 
Selective agars for the isolation of S. iniae are essential for the detection of S. iniae in various samples 
from fish and fish tanks, which contain various bacterial species. So, I developed them first (Chapter 1). 
TAOA agar, one of the two developed selective agars, was used throughout the study. It was used to 
isolate S. iniae from fish and environmental samples collected in the flounder farm (Chapter 2) and from 
various sites of experimentally infected fish (Chapter 4). It was also used to determine the viable count of 
the bacterium in the tanks in the bath challenge experiments (Chapter 4). 
In order to detect low numbers of S. iniae in samples, which were below the detection limit of T AOA 
agar, TAO.5CSOA selective broth was developed (Chapter 2). Direct plating procedure using T AOA agar 
and broth enrichment procedure using TAO.5CSOA broth were employed to detect S. iniae in fish and 
environmental samples. The highest detection rates of S. iniae in samples of fish and water supply were 
yielded by broth enrichment procedure, in samples of deposit by direct plating procedure and water by 
both procedures. 
5. 2. Prevalence of s. iniae in flounder population and the cultural environment (Chapter 2) 
The results of detection of S. iniae in deposit and/or water of fish tank in most sampling dates 
indicated the permanent presence of the bacterium in the farm. The presence of S. iniae in the cultural 
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environment constitutes a threat for the occurrence of outbreaks as it was indicated in the experimental 
infections that the bacterium may enter from the water through the abrasive sites on the fins to cause 
infection (Chapter 4). Reduction of the number of S. iniae by removing deposit regularly and unnecessary 
physical interactions with fish, which may cause physical damages on the skin and fins, in the period 
when the disease often occurs might reduce the risks of outbreaks. 
High detection rates of S. iniae were shown from fish tanks during high temperature months, 
especially when the epizootics broke out. This result implies that S. iniae released from diseased fish 
seem to be the most important source of infection in the water environment. Removal of moribund fish 
and, if possible, all the fish showing any abnormal signs may help to reduce the severity of outbreaks. 
The result that S. iniae was detected in low temperature months particularly from I-year-old fish tanks 
suggests the existence of carrier fish in fish population. The carrier fish, which might be survivors of an 
outbreak, might transmit the bacterimn to the newly introduced fish. Development of a method for the 
determination of carrier fish to remove them from a fish population is critical to solve this problem. 
S. iniae was also detected from water supply. The circulation of the bacterium between fish tank and 
the seawater body arollild the farm was suggested. This suggestion also raises a concern about the 
circulation of S. iniae between fish farms using the same seawater source. 
S. iniae was detected from various sites of body including the gills, skin mucus, nares, eyes and 
intestine. The high detection rates from flounder were connected with those from deposit and water. It is 
necessary to study whether S. iniae has an ability to colonize on the body surface and in the intestine of 
flounder, for establishing proper precautionary measures in transferring fish to other tanks or farms. 
5.3. Distribution ofS. iniae in various tissues and organs of naturally S. iniae-infectedflounder (Chapter 
3) 
In this study vascular distribution of the bacterium was clearly shown. Bacteria-laden phagocytic 
cells were frequently observed in the lumen of the blood vessels distributing in the tissues and organs. 
The infiltration of profuse bacteria-laden phagocytic cells in the kidney, spleen, heart, brain and eyeball 
resulting in intense infections for these organs was also reported in naturally S. iniae-infected tilapia by 
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Miyazaki et al. (1984) and Perera et al. (1998). Some bacteria-laden phagocytic cells were necrotic due 
to the intracellular bacterial multiplication. Death and destruction of these phagocytic cells will 
contribute to disseminate bacteria to surrounding tissues resulting in the expansion of bacteria in the 
organs. 
5. 4. Injection routes ofS. iniae in flounder (Chapter 4) 
By bacteriological and immunohistochemical methods it was shown that the bacterium was detected 
first in relatively high levels in the kidney and spleen but low in the blood, brain, liver and gill. Detection 
levels in the blood, brain, liver and gill were high only when those in the kidney and spleen were high. 
Simultaneously with the initiation of infection in the kidney and spleen, a great amount of S. iniae antigen 
was detected in the hemorrhagic fins of fish in the oral as well as bath challenge groups, while evidences 
that S. iniae entered through the mucosal epithelium of the stomach and/or intestine were not observed. 
Immunohishtochemical examinations revealed that the tissues and organs were infected with S. iniae 
due to the occurrence of bacteria-laden phagocytic cells. Bacteria-laden phagocytic cells were observed 
in the blood vessels distributing in the tissues and organs in the initiation of infection. The infiltration of 
bacteria-laden phagocytic cells into the parenchyma of tissues and organs caused extensive infection. 
In experiment 2 the low, medium and high infectious doses of the two S. iniae strains were used to 
challenge fish. Many dead fish in the oral as well as bath challenge groups showed hemorrhages in the 
fins. In the oral challenge groups deaths were induced only at high infectious doses while in the bath 
challenge groups deaths were induced even at the lowest infectious doses. These findings imply even 
though fish may ingest S. iniae-containing water during the exposing period, it is unlikely to occur the 
oral route infection. TIle results also highlight the dangers of water-borne infection in practical culture of 
flounder. 
Mortality of fish in both the experiment 1 and 2 were higher in the challenge groups employed with S. 
iniae NUF815 than in those employed with S. iniae NUF631, suggesting the fonner mucoid strain are 
more virulent then the later fairly dry strain. The similar result was reported by Yoshida et aI. (1996) in a 
study comparing the difference in virulence of the parent mucoid and variant non-capsulated strains of 
114 
Streptococcus sp. in rainbow trout. Comparison between the two strains on bacterial and 
immunohistochemical detection levels, it was shown that the multiplication of S. iniae NUF815 in fish 
body was faster than S. iniae NUF631. However, gross lesions, entry site and dissemination route 
observed in fish challenged by either S. iniae strains were similar. 
Although many challenge routes have been reported to produce S. iniae infection (perera et al., 1997; 
Evans et al., 2000; Shoemaker et aI., 2000), this investigation is the first study monitoring the bacterial 
entry and dissemination in fish body. It was strongly indicated that S. iniae entered from the water 
through the abrasive sites on the fins, and was disseminated by the blood circulation to cause systemic 
infection in flounder. 
5. 5. Conclusions 
It is concluded that 1) selective agars developed are usable for the isolation of S. iniae. 2) Broth 
enrichment procedure is suited for the detection of S. iniae from fish and water supply. Direct plating 
procedure is suited for deposit. Both procedures should be employed to yield the highest detection rate of 
S. iniae from water. 3) S. iniae permanently presents in the cultural environment. 4) S. iniae is more 
prevalent in tanks of I-year-old fish than in tanks of O-year-old fish. 5) S. iniae frequently presents on the 
gill and skin mucus during the period of high temperature. 6) S. iniae is disseminated throughout fish 
body by the blood circulation. 7) Mucoid S. iniae NUF815 is more virulent tllan fairly dry S. iniae 
NUF631. 8) S. iniae in tlle water enters tlrrough body surface such as abrasive sites of tlle fins, and the 
dissemination by the blood circulation causes systemic infection. 9) In natural and experimental 
infections S. iniae infects the tissues and organs through the sin1ilar process, that is, the infiltration of 
bacteria-laden phagocytic cells, tllOugh in some tissues and organs the levels of infection are different 
which may be due to tlle high infectious doses employed in the experimental infections. 
Hygienic measures and good management may help to reduce the losses due to streptoccosis caused 
by S. iniae. However, to control the disease an efficient vaccine is really needed. Better understanding of 
immune responses of fish to the bacterium is of high priority. The multiplication of S. iniae inside 
phagocytic cells was commonly observed. Therefore, studies on the phagocyte-bacteria interaction are 
115 
important. It is necessary to reveal the mechanism how the bacterium resists the phagocytic killing 
activities and the roles of the hyaluronic acid capsule of S. iniae in the bacterial adhesion, invasion to fish 
tissues and resistance to the defense mechanism of fish. 
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l歳魚の流水式陸上飼育を行う長崎県下の l養殖場において、 1998年6月から 2000年 5
月まで、毎月 l、2回、飼育水(水槽水および注水)、水槽中の糞等沈殿物および飼育中の






























べて速かった以外には差異はみられなかった。実験2:攻撃菌数を 3段階(菌浴法、 107• 
105 • 103/ml ;経口法、 10人 106・104/100g魚体重)設定し、攻撃方法と死亡率との関係を
調べた。経口法では 108区の死亡率は 50%であったが、それ以下の攻撃菌数では死亡がみ
られなかった。菌浴法の死亡率は、 NUF631が 100%(107区)、 75%(105区)、 7.5%(103 
区)、 NUF815が95%(107区)、 60%(105区)、 60%(10312{)となった。以上の結果から、
S.iniaeは消化管よりも体表から侵入しやすいと考えられた。また、 S.iniaeの感染機序は次
のように推察された。体表から器入したSiniaeは、侵入部位で増殖するとともに、血流に
よって腎臓や牌臓に運ばれ、そこで食細胞に食食される。食細胞内のSiniaeの一部は殺菌
されずに増殖し、 S.iniaeを保有した食細胞は血流によって他の部位に運ばれ、毛細血管内
に定着し、そこでS.iniaeはさらに増殖する。(第4章)
最後に、以上の結果を総括し、ヒラメレンサ球菌症の感染発病機構を考察した。(第5章)
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